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y�d�^#cDZq_#^-rta
]8|À22]8jDdk^¦W8jDb'[�ZqW8_
�kdka,h�~�pq_#g�Y8d�Z�]Cfkpq_
p�d�^

fk]2a#a#d�fk_#dkb � l&�\cDjDbw+�´�W8j?b'p�|�{Da#]RY2dkb�jCcD|�dka#pqfkW2Z/a#dk^
cDZq_#^
W8a
d�^#g?]R~�j pqjÁ0>pq`D�:/�rt]2a²¿Æf:Ã�~�pq_#g Ó · «8TNª�W8jDb Î�¤ ·
�$TNª?� y dklCjD]8ZqbD^-jTc?| � dka
^�rt]2aX_
gDd}d��T{Kdka
p�|�dkjC_XYRW2a#pqdkb � dQ�
_)~*dkdkj²« W8jDb�W � ]2cD_/ªT�6m¬«8«8«6��§ r�{DW8a
_#pqfkcDZqW2a/pqjT_
dka#d�^#_kmKjD]8_
d
_#g?d}bDpq{�pqj�_
gDa#c?^#_�rt]2aX_
gDd���-�}fkW2^#d�~�gDdkj�_#gDd�Y8d�Z�]Cfkpq_)l

bDa
]8{D{Kdkb � dkZq]R~ ��µ�º�Â�����g?p�^(v�pr!�y;mrÃ�xX��Ä����C~*W8^�_#g?]8cD`2gT_�_
]
� dXfkW2cD^#dkb � l��4]R~I^#dk{?W8a#W2_#pq]8j�]RY2dka/{DW2a#_/]2a/W8ZqZD]�ro_
gDdXf�l8�
fkZqdRmCW8^/_
gDd�pqjDbDcDf�dkb�W8jD`2Zqd�]Rr\W8_#_
W8fQ¢zdk�Cfkd�dkbDdkb'�kª�bDd�`8a#d�dk^
rt]2a�Y8dkZq]Cfkpq_#pqdk^ � d�Z�]R~���µ�º�Â��

0§ 5Å 10
Velocity (m/s)Æ

2 Hz (panel)
Ç
4 Hz (panel)
È
6 Hz (panel)
É
8 Hz (panel)
Ê

0§ 5Å 10
Velocity (m/s)Æ0

0.2

0.4

T
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N
)Ë

(exp)
(exp)
(exp)
(exp)
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¯�pq_#g-_#gDd*a#d�W8^#]2jDW � Z�d�^
cDfkfkdk^
^/W8_>{Da#d�bDpqfk_#pqjD`�{Da
]8{Dc?Z¬�

^#pqY2d�{Kdka�rt]8a
|!W8j?fkd�]8jz_
gDd�Z�W2a#`2d�|�]CbDdkZwm�22]8jDdk^>W8jDbz[�ZqW2_#�kdka�j
W8j?b ®-cD`2`8W2j*+�+�bDdk^
pq`8jDdkb�m � cDpqZq_4W2jDb�_#dk^
_#dkb�|�cDfQgX^
|!W2Z�Zqdka�m
h� z'��)^#pq�kdkb|!]CbDdkZq^km\jD]2|!pqjDW2Z�Zql�~�pq_#g�W'�:��»�µ ^#{DW2j�W2jDb
ZqdkjD`2_#g\�:0?]8a/|�dkfQgDW8j?p�f�W8ZD^
p�|�{DZqpqfkpq_)l8m�W}^
Z�pq`2gT_�YRW8a#pqW2_#pq]8j�]Rr
_#g?d��4W2{D{DpqjD`�|!]2_#pq]8j�~*W8^¦W8bD]2{D_#dkb rt]8a¦_#gDd�h� �'¡|!]CbC�
dkZq^kmKbDdk{Dpqfk_
dkb�W8^Xf�]8jC¤4`2cDa#W2_#pq]8j'¿Æd:Ã�pqj30>p�`?�DªD�Í%)jD^#_
dkW8b�]Rr
W!{?cDa#dQ�){DZqcDjD`2d�|!]2_#pq]8j\mDW�{DcDa
dQ��{?p�_
fQg'|!]8_
pq]8j!~*W8^�cD^
dkb\m
~�pq_#gI_#g?d�{Dpq_
fßg�W8�Cpq^�Z�]CfkW2_#dkb�^#dkY2dka#W2Z�fQgD]2a#b�Zqdkj?`8_#g?^!pqj
rta
]8jC_@]�r�_
gDd�~�p�j?`D�� �fka#]2^#^)�)^#d�fk_#pq]8j?W8Z�b?a#WR~�pqjD`�]Rr�W�_)lC{Dps�
fkW2Zoh� z'�pq^/^#g?]R~�j�p�j¶0>pq`D�K�:«Cm2~�gDdka#d-_#gDd �4]R~�`2]Cdk^/rwa#]8|
ZqdQrt_*_#]�a
p�`2gC_k�� Xj�pq^#]8|�dk_#a
pqfXYCpqdk~�]Rr�_#gDd�|�]Tb?dkZ4pq^�^
gD]R~�j
pqj10>pq`D���2�R�

��gDd�|!]CbDd�Z�^*cD_
p�Zqpq�kdkb�dk�Cfkd�{D_#pq]8j?W8ZqZql!^#|�W8ZqZwmT`2dkW8a
dkb\m
^#_
dk{D{DpqjD`¦|!]8_
]8a
^\rta
]8|�y-h���eC|�]T]RYCl2�\��gDd�|!]2_#]8a
^�~*dka#d
��µ·µ¡pqj�bDpqW8|!d�_#dka/W2jDb\mD~�pq_#g�W¨2�8Î<�*{DZqW8jDd�_#W8a
l�`8dkW2a�^#lC^)�
_#d�|�mC_#gDdkl�~@d�a#d�W � ]8cD_�¨8��µ¶µ Zq]8jD`zW2jDb!~*dkpq`8g?dkb�Wz|!dkW��
`8d�aX¨8TNª$ÏK�/VX]8|�pqjDW8ZqZqlRm8_
gDdkl!{?a#]CbDcDfkd�b�W�_#]2a#�CcDdz]�r�W � ]8c?_
¨8T¬��µ9Ðkµ W8_-^#{KdkdkbD^�cD{�_#]�W � ]8cD_z�8«2«!y-[/h ¿Æ_#gDd�a#W2_#dkb
Zqpq|!pq_4]�ro_
gDd*`8dkW2a � ]R�6Ã£m8~�gDpqfQg}lCpqdkZqbDdkb�W�|!W2�Tpq|�cD|�{K]R~@d�a
]Rr!a
]8cD`2gDZql «C�¬¨?�'~@W2_#_
^k� ��gDd � a#cD^
gDZqdk^#^'|�]8_
]8a#^�~*dka#d
fk]2jT_
a#]2Z�Zqdkb � l�W8j']2^#fkpqZqZqW8_#]2a#l2m�]8{KdkjC�)Zq]C]8{'bDa
p�Y2dkazfkpqa
fkcDpq_km
~�gDpqfQg�W8ZqZq]R~@dkb rt]8a\Y2dka#l�{Da
dkfkpq^#d�mT^
_#dkW2bDl�W8jDb�a#d�{Da#]CbDcDf�p � Z�d
a#]2_#W2_#pq]8jDW2Z�^#{KdkdkbD^��©¯�gDpqZqd�_#gDd�|�]8_
]8a�gDW8b�W'a
dk{K]8a#_
dkb
|!W2�!^
{4dkd�b�]Rr*W8a#]2cDjDbI�:«2«Cm¬«8«2«�yX[/h�m\_
gDd}`2dkW8a � ]R��~@W2^
]8j?Z�l�a#W2_#dkbrt]2a}¨8«6m¬«8«8«�y-[/h pqjD{Dc?_km/~�gDpqfQg�Zqpq|!pq_#d�b�_#gDd
�4W2{D{DpqjD`'rwa#dk�CcDdkj?fkl�_#]IW8a
]8cDj?b����'�X��mzgD]R~@d�Y8dka�mz~�p�_
g
^#]2|!d*|!]CbDdkZq^�m8^#cD^
_#W2p�j?dkb�rta
dk�CcDdkjDf�p�d�^�]Rr�]RY8d�aX�:���-�X~*dka#d
a#d�W8fQgDdkb\�©[�a
dk^#dkjC_
Z�l2mXWfkZq]8^#d�bC��Zq]C]8{Ifk]2jC_#a#]2ZqZ�d�a!pq^!cD^
dkb\m
{Da
]RYTpqbDpqjD`�¨�_#]'��_
p�|�dk^�_#gDd�{K]R~@dka�� ��g?p�^�~�pqZqZ � d�bDpq^)�
fkcD^
^#dkb�pqj�`8a#d�W8_#d�a�b?dk_#W2p�Z>pqj²_
gDdzjDd��T_-^#dkf�_#pq]8j\����gDd �4W8{C�

ª



{DpqjD`I|!]2_#pq]8j�~@W2^�`8dkj?dka#W2_#dkb¸YTpqWIW�^
|!W8ZqZ-^#{Da
p�j?`R�)^#_#d�dkZ
fka
W8jD¢C^#g?WRrt_-fk]8cD{?Z�d�b�_
]!_#g?dz`8dkW2a � ]R��~�p�_
g�_#g?p�j6��~*W8ZqZ\^#pqZqps�
fk]2j�_#c � pqjD`?����g?d�fka#W2jD¢C^#gDW�rt_�|!]RY8d�bz_#gDd*�KW8{D{DpqjD`�� � dkW2|!^
YCpqWeCf�]8_#fQg�l2]8¢2dk^�fk]8j?^#_#a
cDfk_
dkb�]�r�Y2dka#l�_#gDpqj�{DpqW8jD]�~�pqa#dR�

12.5mm

12.5mm

12.5mm

12.5mm

20mm

crank− shaft

geared motor

flapping−beam

wing−section

5.7o

flight direction

flexible joint

flexible joint
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eC_
W8_#pqfz_
dk^#_
pqjD`'¿<~�pqjDbC�)]$¦@Ã-~@W2^X{Kdka)rw]8a#|�dkb�_
]²d�YRW8Zs�

cDW2_#d�_#g?d!^#d�jD^#pq_#pqYCpq_)l�_
]�W8pqa)rt]2pqZ�^
gDW8{Kd!W2jDb'W8^
{4d�fk_)�)a#W2_#pq]D�
��gDd � dk^
_�~�pqjD`}b?dk^#pq`8j�_#dk^
_#dkb�cD_
pqZ�pq�kd�b!W�^#|!W2ZqZT_
dkW8a���b?a#]8{
^#g?W8{Kdkb � W8Zq^#W-Z�d�W8bDpqjD`�dkb?`8dRmCa#]2cD`8gDZql���µ¶µÓÒ@ª8µ¶µ�pqjz^
dkfQ�
_#pq]2j\m:~�pq_#g�_
gDpqj�f�W8a � ]8j6�t¤ � dka�^#_
a#pq{D^�rt]8a\a
p � ^\W8jDbÔ28W2{DW8j?dk^#d
_#pq^
^#cDd�rw]8a*_#gDdz{?a#pq|!W2a#l�~�p�j?`}^
cDa)rtW2fkdR�Í%)_�~@W2^�W8Zq^#]¦rt]8c?jDb
_#g?W8_km�W2_}ZqdkW2^#_�rt]2a}_
gDd�~�pqjDbC�)]$¦�fkW2^#dRm�_#g?d�W8^
{4dkf�_!a#W2_#pq]
bDpqb!j?]8_*{DZqWRl�W8j!pq|�{4]2a#_#W2jC_�a
]8Zqd-rt]8a*YRW8ZqcDd�^@W � ]RY2dXW � ]8c?_
ªD�/�*lC{DpqfkW8ZK_#g?a#cD^
_X|!d�W8^#c?a#dk|�dkjC_#^*W8a#d�^
gD]R~�j�p�j40>p�`?���:¨6m
rt]2a!_#g?d�|!]CbDdkZ�c?^#pqjD`�~�pqjD`2^!~�pq_#gIWI�8��µ·µ fQgD]2a#b�W2jDb
dkZqW8^
_#pqfX~�pqjD`¦|!]8c?jT_
^k����gDdXd�Z�W2^#_
p�f-~�pqjD`}|�]8cDjC_
^�W2ZqZ�]R~*dkb
_#g?d}W2jD`8ZqdQ�)]Rr<�)W8_
_#W2fß¢�_
]��4c?fk_#cDW2_#d�W8dka
]CdkZqW8^#_
pqfkW8ZqZql8mKa#dkb?cDfQ�
pqjD`z_
gDdXpqjD^
_#W8jC_
W8jDdk]2cD^*d�¦od�fk_#pqY8d¦W8jD`2Z�d�]�r�W8_
_#W8fQ¢KmCW8jDb�W8Zs�
|!]2^#_*W8Zq~*WRlT^*pqjDfka
dkW8^
p�j?`�_#gDd�{Kdka)rt]2a#|�W8jDfkd��

eCcDa
{Da#pq^
p�j?`8Zql8mk_
gDd/|�W8�Cpq|}cD|_#gDa
cD^#_>W8Zq~*WRlT^\]Cfkf�cDa#a
dkb
W8_���dka#]��4pq`2gT_���^
{4d�dkb\m4]2{D{K]8^#pq_
d�_
]�_#gDd�{Da
dkbDpqfk_
p�]2jD^�]Rr�_#gDd
{DW2jDdkZKfk]CbDdRmCW8jDb�~�gDd�a#dX_
gDd�pqjDbDcDf�dkb!W2jD`8Zqd*]Rr\W8_#_
W8fQ¢�~@W2^
a#]2cD`8g?Z�lÕ/8«�bDdk`2a#dkdk^�¿<|�pqjTc?^X_#g?d�W8dka
]Td�Z�W2^#_
p�f�pqjDf�p�b?dkjDfkd:Ã£�

 �_��CcDpq_#d'Zq]R~¡�4pq`8gC_�^#{KdkdkbD^�_#g?d'_#gDa
cD^#_�~@W2^�rt]8cDj?b _
]
bDa
]8{z�CcDpqfQ¢CZ�l�W2jDbz_
gDdkjza
dkfk]RY8d�a�^
Zqp�`2gC_#Zql�W8_>gDpq`8gDdka>^#{KdkdkbD^��%)jC_#dka
dk^#_
pqjD`8Zql2m@_#g?d²|�pqjDpq|}cD|%_
gDa#c?^#_!~*W8^�W8Zq~*WRlC^�rt]8c?jDb
~�pq_#g�W�eC_#a
]8cDg?W8ZKjTc?| � dka�]Rr�W � ]8c?_¥«6� ¨2�Cm8j?dkW8a
Z�l�_
gDdXj?W8_)�
cDa
W8Z�^#g?dkbDbDpqjD`�rta#d��Tc?dkjDfklI]RrXW�fklCZqpqjDbDdka�W8_�fk]8|�{DW8a
W � Zqd
y�d�lTj?]8ZqbD^�jCcD| � dka#^��%)_/~*W8^/f�]8j�ÖQd�fk_#cDa
dkb�_#gDW2_/_#g?d�h� z'X^*]8{Kdka#W2_#dkb�~�p�_
g
rtcDZqZql�^
dk{DW2a#W8_
dkb �4]R~%]RY2dka!_
gDd�rwcDZqZX�Kp�`2gC_�a#dk`2p�|�dRmXW2jDb
_#g?W8_�W8{?{DW8a
dkjC_#Zql�_
gDd�^#d�{DW8a
W8_#pq]2j � d�jDdQ¤4_
dkb _
gDd�{Kdka)rw]8a)�
|!W2jDfkd�W2_zY8dka
l'Zq]R~��4pq`8gC_z^
{4d�dkbD^km�W2jDb'bDdk_
a#W8f�_#dkbIrwa#]8|
_#g?d�{4dka�rt]8a
|!W2jDfkd�W8_�gDpq`2gDdka�^#{KdkdkbD^����X]R~*dkY8d�akm�~�p�_
gD]8c?_
W8jCl��4]R~ YCpq^#c?W8Zqpq�kW8_
p�]2j\m�_
gDd!Zq]8^
^zpqj'{4d�a)rt]2a#|!W2jDfkd�fk]2cDZqb
jD]2_ � d-rtcDZqZql�cDjDb?dka#^
_#]C]Cb\�
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��gDd�{Da
dk^#dkjC_�^#_
cDbDlp�^�W'f�]8jC_#pqjCcDW8_
pq]8j�]�r�_
gDd�bDdQ�

Y8d�Z�]2{D|!d�jT_�W2jDb'_#dk^
_#pqjD`�]�r��4W8{?{DpqjD`R�)~�pqjD`�h� �'-^km/cD^
p�j?`
pq|!{Da
]RY8dkb�|�dkW8^
cDa#dk|�dkjC_�_#dkfQgDj?p��CcDd�^zW8jDb�jDdk~*dka�bDdk^
pq`8jD^
W8j?b f�]8jD^
_#a#c?fk_#pq]8j |!W2_#dka
pqW8Zq^k�� -bDbDpq_#pq]8j?W8ZqZql8m/W'|�dk_#gD]Cb
rt]2a*�4]R~ YCpq^#c?W8Zqpq�kW8_
p�]2j�pqj²_
gDdzZq]R~*�)^#{Kdkdkb�a
W8jD`2d�g?W8^ � dkdkj
bDdkY2dkZq]8{Kdkb\�

u(Û�ÛCSw1DECx�Ü%)j�_
gDpq^�^#dkf�_#pq]8j\m�_
gDd�jTc?|!dka
p�f�W8Z*|!dk_
gD]CbD^}c?_#pqZqp���dkb
W8a
d � a
pqdQ�4l ^#cD|�|!W8a
pq�kdkb\mz~�pq_#g�a
dQrtdka
dkjDfkd�^'rt]2a�W�|!]2a#d
fk]2|!{DZqdk_
d�bDdk^
fka#pq{D_
p�]2j\� ��gDd�{Da
dk^#dkjC_�bDdk^
p�`2j W2jDb fk]8jC�
^#_
a#cDf�_#pq]8jp�^¦bDdk^#f�a#p � d�b W2jDb'_#g?d!dk�C{Kdka#pq|!d�jT_
W8Z/|�dk_#g?]Tb?^
dk|�{DZq]Rl8dkb�_#]�|!dkW2^#cDa
dz_#g?d}Y2dkgDpqfkZqdz{Kdka)rt]2a#|�W8jDfkd¦W8a#d�bDdQ�
^#f�a#p � d�b�pqj²b?dk_#W2p�Zw�
³XAD´�5CS��NxREDM�H�52O�Ü614GD70>Zq]R~�^#]2Z�c?_#pq]8jD^�W2a#d�fk]2|!{DcD_
dkb�cD^#pqjD`�W2j�cDjD^#_
dkW8b?l8m
_)~*]R�)bDpq|!dkjD^
pq]8jDW2ZtmD{K]8_
dkjC_#pqW8Zs�w�4]R~�fk]CbDd�]2a#pq`8pqjDW2Z�Zql�bDdkY8d�Z¬�
]8{Kdkb � l���dkjD`?m +�- W8jDb�dk�C_#dkj?bDdkb�_#]z|�c?Z�_
pq{DZqd/W8pqa)rw]8pqZC^#]8ZqcC�
_#pq]2jD^ � l�[>W8jD`?�.+�7���gDd�W2p�a�rt]8pqZ�{DW2jDdkZqpqjD`�rt]8ZqZq]R~�^X_
gDd�W8{C�
{Da
]8W8fQg']�r¥�-dk^#^�W8jDb'eC|�p�_
g*+ = ~�pq_#g�_#gDd�cDjD^
_#dkW2bDl�~*W8¢2d
|!]CbDd�Z�pqjD`�rt]8ZqZq]R~�pqjD`/_#g?d/W8{D{?a#]8W2fQg�]�rD�@W2^#c�W8jDb��-W8jDfk]CfQ¢K�.+�S
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��gDd�cDj?^#_#d�W8bDl'{DW2jDdkZ*fk]CbDd!g?W8^ � dkdkjdk�C_#dkjD^
pqY8dkZql'bD]CfkcC�
|!d�jT_
dkb\��e6dkdÝ28]2jDdk^�W8j?b�[�ZqW8_
�kdkarj�rt]2a�W!|�]8a#d�dkZqW � ]2a#W8_
d
bDdk^
fka#pq{D_
pq]8j�W8jDb�W�Zqp�^
_�]Rr@a
dQrtdka
dkjDfkd�^zrtc?a#_#g?dka�bD]CfkcD|!d�jT_��
pqjD`�_#gDdz{?W8jDdkZ\f�]Tb?dR�

³�14´�5C3Cx8MNECOkADSw5
��gDd-`8dkjDd�a#W8Z\d��Tc?W8_#pq]2jD^@]�r�|!]2_#pq]8j¦rt]8a�_#gDd-�4W2{D{DpqjD`

~�pqjD`8^�W8a
d�`2p�Y2dkj�pqj³0>pq`D�z�:�6�� -ZqZ�d��Tc?W8_#pq]2jD^!W2a#d�jD]8jC�
bDpq|!d�jD^#pq]8j?W8Zwm/cD^#pqjD`'_
gDd�W2p�a�rt]8pqZ*fQgD]8a
b W2^!_
gDd�a#dQrtd�a#dkjDf�d
ZqdkjD`2_#g�W8j?b�_#gDd rta#dkd�^#_#a
dkW8| Y8dkZq]Cfkpq_)l W2^�_#g?d'a#dQrtd�a#dkjDf�d
^#{Kdkdkb��

1
xp

α(τ)=α +∆αcos (Þ τ)

ß (τ)=à cos (Þ τ+φ)

ß

á

o

>�? @BA"C�_�DI° ®:ïQÛQâ<á å:ãQÚ�å£æoê�åkâ<á å:ã�â�ãQå:ê�ÙQãQÝßó ÛQâtï�Ü¬Ù�øãwäXÛ?5TS��s´!5C3COQEDM�H�58O�ÜC1KGD7
��gDd'h� �'�|�]Tb?dkZ�cD^#dkb pqj _
gDd�{Da#dk^
dkjC_�^
_#cDb?l�pq^

W�YRW8a#pqW2_#pq]8j�]RrX_
gDd!|�]Tb?dkZ@c?^#dkbp�j_#gDd�{Da#d�YTpq]2cD^}^
_#cDb?l8���W2a#Zqpqdka/|!]CbDd�Z�^�~@dka
d � c?p�Zq_/~�pq_
g�~@dkpq`2gT_
^ � dkZq]R~ ��`8a
W8|�^km
gD]R~*dkY8d�akmRrt]2a�~�p�j?bC��_
cDjDjDd�ZT_
dk^#_
pqjD`z_#g?p�^>]$¦\dka#d�b�jD]�W8bDYRW2jC�
_#W2`8dR����gDd�|!]CbDdkZq^�W2fk_#cDW2ZqZ�l�jDdkdkb�_#] � d�~*dkpq`8gC_#dkb�bD]R~�j
^#pq`2jDps¤4fkW8jC_
Z�l2��n*]8j?^#dk�CcDdkjC_
Z�l2m/_#g?d²{?a#dk^
dkjC_�|!]CbDdkZ/g?W8^�W
bDa
l�~*dkpq`8gC_z]�rXW � ]8cD_¥/i`8a#W2|!^�m�W8jDb'~�pq_
g'W8ZqZ/_#g?d!^#{?W8a#d
Y8]2ZqcD|!d/pqj�_#gDd rtcD^
dkZqW8`8d�¤4ZqZqdkb�~�pq_#g�ZqdkW8b\mCpq_�~@dkpq`2gD^/W � ]8c?_
¨8�¦`8a
W8|�^k��0D]2a@_
gDd�|!]8^
_@d�jDdka#`2dk_#pqfz_
dk^#_
^km\W8b?bDpq_#pq]8jDW2Z4d��8�
_#d�a#jDW2Z � W8ZqZqW8^
_}pq^�W8bDbDd�b�`8pqYCpqjD`�_
gDd�|!]CbDdkZ*W�~*dkpq`8gC_�]Rr
]RY8d�a!�8��`8a#W2|!^�� ��g?p�^ � W8ZqZqW8^#_¦p�^�W�a#d��Tc?p�a
dk|!d�jT_�]Rr�_#gDd
{Da
dk^#dkjC_�_#gDa
cD^#_¦|!dkW2^#cDa
dk|!dkjC_-_#dkfQgDjDpq�CcDdRm�~�gDpqfQg'~�pqZ�Z � d
bDdk^
fka#p � dkb�ZqW2_#dka��²��gDd�j?dk~@d�a}|�]Tb?dkZ�{Da#]RYCpqbDdk^zW�`2a#dkW2_#dka
bDdk`2a#dkd�]�r�|!]CbDc?Z�W2a#pq_)l2mÇW2ZqZ�]R~�pqjD` rt]8a*|!]2_#]2akm8`2dkW8a � ]R��W2jDb
fka
W8jD¢C^#g?WRrt_/^
c � ^
_#pq_#cD_
pq]8jD^�W8^�~@dkZqZCW8^�^
_#pqjD`R�)|!]2cDjC_#pqjD`�W2jDb
pqjC_#dka
fßg?W8jD`2dkW � Zqd*a#dkW2a�jDW8fkd�Z�Zqdk^��� -bDbDpq_#pq]2jDW8ZqZql8mk_
gDd����){4]2Z�d�m
� a
cD^#gDZqdk^
^!^
_#dk{D{?p�j?`R�)|!]8_
]8azpq^�jD]R~ |!]8c?jT_
dkb'pqj�W � a#W2^#^
gDdkW2_)�)^#pqjD¢Km�W2^z_#gDd�]8{KdkjC�)Zq]C]8{�fk]8jC_#a
]8ZqZqdka�fkW8c?^#dk^�_#gDd�|�]R�
_#]2a#^�_
]�a#cDj�Y8d�a#l�gD]8_�¿cå���«8«�bDdk`2a#dkd�^�n�ÃQ�

 X^ � d£rt]8a
dRmz_#gDd�|!]CbDd�ZXpq^!{Da
pq|!W8a
pqZ�l � cDpqZ�_�]2cD_�]Rr
� W2Z�^
W�~@]C]Cb�W8jDb�dk{K]R�Cl2��`2a#W8{?gDpq_#d�ZqW8|!pqjDW2_#dk^�m � cD_>_#gDd�22W8{C�
W8j?dk^#d�_
p�^
^#cDd�c?^#dkb�rt]2a�_#gDd*~�pqjD`�^#cDa�rtW8fkd�]2jz_#g?d�]8Zqbz|!]CbDd�Z
pq^�a#dk{?Z�W2fkdkb�~�pq_#g�dk�C_#a
dk|!dkZql�Z�pq`2gT_�¿t¨YT¬��Ï6º�µ!þ�Ã*W8jDb�_#a#W2jD^)�
{DW2a#dkjC_�|�pqfka#]��t¤4Zq|��K��gDd/|!pqfka
]R�w¤4Zq|�pq^�|�c?fßg-Zqdk^#^>bDcDa#W � ZqdRm
� cD_�pq_
^}a
dkbDcDfkd�b�~@d�p�`2gC_}gDd�Z�{?^�W8fQgDpqdkY8d�gDpq`2gDdka��4W2{D{DpqjD`

rta
dk�CcDdkjDfkpqdk^*W8j?b�p�_
^/_#a
W8jD^
{DW8a
dkjDfkl�W2pqbD^/pqjz�K]R~�YCpq^#cDW2Z�pq�kW��
_#pq]2j\�X Xj�pq^#]2|!dk_
a#pqf�YTpqdk~�]�r/_#gDd�jDdk~*dka�|!]CbDdkZ>|!]2cDjC_#dkb
]8j�WzY2dka#_
p�f�W8ZD^
_#pqjD`zpq^�^#gD]R~�j�pqj90>p�`?�4�kª?��V-]8_
d�_#gDd�dk�C_
dkjC�
^#pq]2j�rta#]2|�_#gDd*a#d�W8a�jDW8f�dkZqZ�d�m8^#cD{?{4]2a#_#pqjD`-WX^
|!W8ZqZRa
dQ�4dkfk_
pqY8d
^#c?a)rtW2fkd�rt]2a�_#gDd�ZqW8^
dka/a
W8jD`2d*¤4jDbDdka�mTb?dk^#fka
p � dkb�ZqW8_
dkak�� XZq^
]
jD]2_#d�_#g?d!_#g?p�j�fkW2a � ]8jC�w¤ � dka}^
_#a
p�{?^}W2_#_#W2fQgDpqjD`�_#gDd�~�pqjD`2^
_#]¦_#gDd �4W8{D{?p�j?` � dkW2|!^k����gDdk^
dX^
_#a#pq{D^*{Da
]RYTpqbDd�_
gDd�W8d�a#]CdQ�
ZqW8^
_#pqf�{Dpq_#fQgDpqjD`?m8~�pq_#g�_#g?dX~�pqbD_#g�W2jDb�ZqdkjD`2_#g�]Rr\_#g?dX^#_
a#pq{D^
bDdk_
dka#|�pqjDpqjD`�_#gDd-{Dpq_#fQg�W8|�{DZqp�_
cDbDdR�\ �YCpqdk~I]Rr�_
gDd�W8d�a#]CdQ�
ZqW8^
_#pqfkW8ZqZql�b?dQrt]8a
|!dkb�~�p�j?`8^!pq^�^#g?]R~�j�pqjæ0>pq`D���:�Cm-~�p�_
g
_#g?d�~�p�j?`8^zfk]2|!pqjD`�_
]8`8d�_#gDdka�fk]2|!{DZqdk_
dkZql8m\{Kdka#gDW2{D^�|!W8¢2�
pqjD`Xc?^#d�]RrK_#gDd�¯'dkpq^��G0?]8`2g�d�¦odkf�_k�@��g?d@{Da
dk^#d�jT_�|!]CbDdkZCgDW2^
W!fQgD]2a#bDZqdkj?`8_#g�]Rr¥�2��µ¶µim\W!{DZqcDjD`2d�W8|!{?Z�pq_
cDbDd�]Rr/W � ]8c?_
�:«YT¬��µ¶µ ¿ Ó�· «8T¬�8Ã£m/W8jDbW�|�dkW8j'^
dk{DW8a
W8_
p�]2jI]RrXW � ]8c?_
ªT��µ¶µ�¿
�$T¬¨8��»:ÃQ�

>�? @BA"C� �D ì Útå:ê�Ù#âtÜsá Ý�ù#á Ù#ô!å£æ6âwÞQÙ@ãQÙ
ô�é@à ¾ ø

>�? @BA"C�¬�D à4ÙQÜ¬å�Ùßó ÛßÚwâ<á Ý�îkÙGFÇÙ
Ý#â<á å:ã/å£æ6âwÞQÙ�ô4á ã£ükÚ#ø
��gDd�{Da
dkYCp�]2cD^#Zql�cD^
dkb�]8{KdkjC�)Zq]T]2{!fk]2jC_#a#]2ZqZ�d�a�]$¦\dka#dkb

_#g?d²a
W8_
gDdka�jDpqfkdÊrtdkW8_
cDa#d�]�r�|!W2pqjT_
W8pqjDpsjD`!W�¤4�Cdkb�|�]8_
]8a
^#{Kdkdkb�pqjDbDd£¤4jDpq_#dkZql2mTW2ZqZ�]R~�pqjD`-rt]2a@Y2dka#l�{?a#dkfkpq^
dzW8jDb�a
dk{Da
]R�
bDcDf�p � Z�d*�KW8{D{DpqjD` rta#dk�CcDd�jDfkpqdk^k�*�X]R~*dkY8d�akmD^#pqjDf�dX_#g?dX]8{KdkjC�
Zq]C]8{!f�]8jC_#a
]8ZqZqdka@a
dkfkdkpqY2dkb�jD]�pqjCrt]8a
|!W2_#pq]8jzW � ]2cD_�_#g?d�|�]R�
_#]2ak°N^�^#{KdkdkbW8jDb�{4]2^#pq_#pq]2j\m�psr@_#]C]�|�cDfQg�_
]8a#�CcDd�~*W8^�{Dc?_
]8j�_#gDd�|!]2_#]8a�m�p�_�~@]2cDZqb�jD]2_!W8b?YRW8jDfkd�^#cC±!fkpqdkjC_
Z�l � dQ�
rt]2a#d�_#g?dXjDdk�C_/|�]8_
]8a�{K]8Zqd�~*W8^/d�jDdka#`2pq�kdkb\mDW2jDb�_#gDd�|�]8_
]8a
~*]8cDZqb�^#_
W8ZqZw�@��gDpq^ � dkgDWRYCpq]8aXW2Zq^#]�a#d��Tc?p�a
dkb�_
gDdz|!]2_#]2a@_
]
W8f�fkdkZqdka#W2_#d�^
Zq]R~�Z�l2�&çX^
p�j?`'_#gDd�]8{KdkjC�)Zq]C]8{�f�]8jC_#a
]8ZqZqdka}]2j
_#g?d�]8Zqb hi �' b?dk^#pq`8j�m¥_
gDd�gDpq`2gDdk^#_��KW8{D{DpqjD`�rwa#dk�CcDdkj?fkl
W8fQgDpqdkY2dkb�~@W2^�W � ]2cD_��:���X�RmKrtW2a�d��Tf�dkdkbDpqjD`�_
gDd�`8dkW2a)� � ]R�
a#W2_#pqjD`�¿#���R�X��ÃQ�%)jI_#gDd�{Da#dk^
dkjC_!^
_#cDbDlIW'jDd�~@dka�mXfkZq]8^
dkbC�)Zq]T]2{Ifk]8jC�
_#a
]8ZqZqdka�pq^!cD^
dkb\� ��g?d�fkZq]8^
dkbC�)Z�]C]2{ f�]8jC_#a
]8ZqZqdka!~*]8a
¢T^ � l
{DpqfQ¢Cp�j?`�cD{ � W8fQ¢2�G�/hè0'rwa#]8|¡_#g?d}cDjCcD^
dkb�|!]8_
]8a�{K]8Zqdz_
]

�



{Da
]RYTpqbDd¦a#W8_
d}W2jDb�{K]8^
p�_
pq]8j�bDW8_
W!_
]!_#g?d}fk]2jC_#a#]2ZqZ�d�ak����gDd
fk]2jT_
a#]2Z�Zqdka�_
gDdkjI_#W2pqZ�]2a#^�_#gDd�^
p�`2jDW8Z�_
]'^#cDpq_�_#gDd�|!]8_
]8a�° ^
{K]R~@dka�a#dk�CcDpqa
dk|!dkjC_
^²|�]8a
d²d£±!fkpqdkjC_#Zql8�¸��gDpq^!W8{?{Da#]2W8fQg
a#d��Tc?p�a
dk^*WXrw]8cDa
_#g�~�pqa#d�_
]z_#gDd�|�]8_
]8akmR~�gDpqfQg�~*W8^�W8Zqa#d�W8bDl
WRYRW8pqZqW � Z�d�pqj�]8c?aX_#d�^#_�W8{D{?W8a#W2_#cD^z¿Æ_#gDpq^-~�p�ZqZ � dzbDdk^
fka#p � dkb
ZqW8_
dkaßÃ£����gDd�|!]2_#]2a�W8Zq^#]'jD]R~%a
cDjD^�|�cDfQgIfk]C]8Zqdka�m�W2jDb
fkW2j � d�a#cDj�W2_!dk�Cfkd�dkbDpqjD`8ZqlIgDpq`8gI^
{4dkd�bD^kmzpqjIdk�Cfkdk^
^�]Rr
�8���X��¿Æ|!]2_#]8a�^#{Kdkdkb?^²pqjIdk�Cfkdk^
^�]Rr}��²Cm¬«8«2«�y-[/h�ÃQ�ÍçXjC�
rt]2a#_#c?jDW8_
dkZql8m/^
p�j?fkd�_#g?d²f�]8jC_#a
]8ZqZqdka}W2bDW8{?_#^�_#g?d²^
pq`8jDW2Z@_
]
^#c?p�_*_#g?dX|!]2_#]2a�Zq]2W8b\mCpq_/jD]zZq]8j?`8dka*|!W2p�jC_
W8pqjD^�W¦¤4�CdkbÊrta#dQ�
�CcDdkjDf�l8�Ô%)j�rtW2fk_km\^#pqjDf�dz_#gDd�|!]2_#]2a@pq^X`2dkW8a
dkb�bD]R~�j�¨8�YÎ<�Rm
_#g?d�a#]8_
W8_
p�]2jDW8Z2^#{Kdkdkb�YRW2a#pqdk^�_#gDa
]8cD`2gD]8c?_�_
gDd*�4W2{D{DpqjD`Xf�l8�
fkZqdRm�^
Zq]R~�p�j?`!bD]R~�j�~�g?dkj�_
gDd�W8d�a#]CbDlCjDW8|�pqf�Zq]2W8b�]2j�_#gDd
~�pqjD`�pq^�gDpq`8g\m/W2jDb'W8fkf�dkZqdka#W2_#pqjD`'~�gDdkj_#gDd�Zq]8W2b'pq^zZq]R~��çX^
cDW8ZqZql�_#g?d��4W8{?{DpqjD`zrwa#dk�CcDdkj?fkl�p�^�a
dkW8^
]8jDW � Zql!^
_#W � Z�d�W2_
rta
dk�CcDdkjDfkpqdk^�c?{'_#]�W � ]2cD_}¨8«��X�Rm � cD_ � dkf�]8|!d�^}cDj?^#_#W � Zqd
W8_¦gDpq`8gDdka¦rta
dk�CcDdkjDfkpqdk^��� Xb?bDpq_#pq]8jDW2ZqZ�l2m�_
gDd!{K]R~@d�a}_
dkjDbD^
_#]ÊrtW8b?dzW8_-_#gDdzd��T_
a#dk|�dz^#{Kdkdkb?^km�W8^X_
gDd�|!]8_
]8a*W8jDb�fk]8jC�
_#a
]8ZqZqdka!f�]8|!{K]8j?dkjC_#^!g?dkW8_�cD{\mXW2jDb�_#g?p�^�]Rrt_
dkj�ZqdkW2bD^!_
]
pqjDfka
dkW8^
dkbIdk�C{4dka
pq|!dkjC_#W2Z�bDdkYCpqW8_
p�]2jD^zjDd�W8a�_#g?d!{KdkW8¢ rta#dQ�
�CcDdkjDf�p�d�^k����gDd�{Da
dkfkpq^#d�m¥pqjD^
_#W2jT_
W8jDd�]8cD^�|!]2_#]8a¦^#{KdkdkbIpq^
bDdk_
dka#|�pqjDdkb � l�|!d�W8^#c?a#pqjD`X_
gDd�Y8]2Zq_#W8`2d@`2]8pqjD`-_#]�]8jDd�|�]R�
_#]2a�{4]2ZqdRmT~�pq_
g²¨8�¦{DcDZq^
dk^Xfk]2a#a
dk^#{K]8jDb?p�j?`�_#]�]8jDd-�4W2{D{DpqjD`
fklCfkZqdR�

��gDd����){4]2Zqdz{4]R~*dka�pq^�rtd�b�pqjC_#]�_#gDd�|!]CbDdkZ>_#gDa
]8cD`2g
«8T<��¨�²�µ·µ bDpqW8|�dk_#dkaKfk]2{D{4d�a�^
cD{D{K]8a
_�~�pqa#dk^�mRcD^#pqjD`�W*rt]2cDa#_
g
~�pqa#d¦rt]8a-_#gDd � W8fQ¢2�G�/hè0rtdkdkb � W8fQ¢�^
p�`2jDW8Zw�z��gDd�^#c?{D{4]2a#_
~�pqa#dk^-W8a
dzW8_
_#W8fQgDd�b�_#]�_
gDdz|!]CbDd�Z\YTpqW�^
|!W8ZqZK`8]2Z�b6��{DZqW2_#dkb
{DpqjD^�m/jDdkW8a�_#g?d!jD]2^#dRm/W2jDb�jDd�W8a�_#gDd�a#dkW2a}]�rX_#gDd�|!]CbDdkZw�
��gDd�|!W2^#^z]�rX_#gDd�~�pqa#d�^�p�^�jDdk`2Zqp�`2p � Zqd�fk]8|�{DW8a
dkb'_#]�_#gDd
|!W2^#^�]RrX_
gDd!|�]CbDdkZ/W2jDb�_
gDd!~�pqa#d�^}W2a#d��4dk�Cp � Zqd!d�jD]8cD`2g
jD]2_�_#]!pq|�{4dkb?dX_#g?d}|�]Tb?dkZw° ^�|!]8_
pq]8j\�/��gDd¦|!]CbDdkZ\pq^�^#c?^)�
{KdkjDbDdkb¦rta
]8|�WX^
|!W2Z�ZR^
{DZqpq_#_#d�a�{DZqW8_
d � l�_#g?d/^#cD{?{4]2a#_�~�pqa#dk^
^#c?fßg�_
gDW8_�pq_*|!WRl�^#~�pqjD`�rta
dkdkZql�pqj²_
gDd�^#_
a#dkW2|�~�p�^
dXbDpqa
dkfQ�
_#pq]2j\m � cD_�a
dk|!W2p�j?^Xa#d�Z�W2_#pqY8d�Z�l�^#_#d�W8bDl�pqj�W2Z�Z�]2_#gDdka�bDpqa
dkfQ�
_#pq]2jD^kmDW2^�^#gD]R~�j�pqj30�pq`?�o���C�

>�? @BA"C�¯�D�õ ÞkÜqïQÚwâ�ê�Ù
ÛßÚ)ïkÜsÙßê�ÙßãQâKÚtÙ
âtïkñ�ø

 X^�_
gDd}|�]CbDdkZ>�4W8{?^�W2jDb�fka
dkW8_
dk^�_#gDa
cD^#_�m�pq_Xpq^�bDpq^)�
{DZqW8f�dkb'pqj�_
gDd!^
_#a#d�W8|�~�pq^#d�bDpqa#dkf�_#pq]8j\m�W8j?b'_#gDd�bDpq^
{DZqW8fkdQ�
|!d�jT_¦p�^¦|!dkW2^#cDa
dkb � l � ]2cDjDfkpqjD`�W�ZqW8^
dka}^
dkjD^
]8a�]$¦I_#gDd
^#|�W8ZqZ�a#dQ�Kdkfk_#pqY2d!^#c?a)rtW2fkd!]2j'_#gDd�a#dkW2azjDW8f�dkZqZ�d�m/W8^z^
gD]R~�j
pqjé0>p�`?�@�:�6����gDd�ZqW8^
dka}W2jDW8Zq]2`²^
dkjD^
]8akm*W8j'V- 5%#e�|!]CbDd�Z
 XVÔ�/���8�D��m:pq^\jD]2|!pqjDW8ZqZqlX���8«�µ·µ bD]R~�jD^
_#a#d�W8|�]RrD_
gDd�|!]CbC�
dkZq^kmRW2jDb�|!dkW2^#cDa
dk^�bDpq^
_#W8j?fkdk^�W2fkfkcDa
W8_
dkZql�~�pq_
gDpqj�_
gDd�a#W2jD`8d
�8«�_#]�:�8«�µ¶µi����gDd�^#dkj?^#]8a�pq^�`8dkj?dka#W2Z�Zql'W � ]2cD_�i_#]�ª
fQgD]8a
b�ZqdkjD`8_
gD^�bD]R~�j?^#_#a
dkW8| ]Rr�_#gDd'|�]CbDdkZ�W8jDb�pq^�jD]2_
_#g?]8cD`2gT_�_#]�fka
dkW8_
dIW�^#pq`8j?p¬¤KfkW8jC_��4]R~�pqjC_#dka�rtdka
dkjDfkdIdQr<�
rtdkf�_k�}��g?d�W8fkfkc?a#W8f�l�]�r@_#gDd�^#d�jD^#]2azpq^�{?a#dk^
fka#p � dkb � l�_#gDd
|!W2jCcCrtW8f�_#cDa
dka�W8^Ýê��:«2«$ë�µìêI«YT «2«8¨íÒ � � rt]2aX_
gDd}a
W8jD`2d
�:�2«�µ·µîê �2��µ·µ��

��gDd*_#gDa
cD^#_*pq^�fk]8|�{DcD_#d�b � l}|�dkW8^
cDa#pqjD`-_#gDd*{Da#d�fkpq^#d
|!W2^#^�]Rr�_#g?d!|!]CbDd�Ztm>_#gDd�ZqdkjD`2_#g']�r¥_
gDd!{KdkjDbDc?Z�c?|�m�W2jDb
_#g?d�gD]8a
p���]8jC_#W2Z/bDpq^#{DZqW2fkdk|!d�jT_�bDc?d�_#]�_#gDa
cD^#_�m/W8jDb�cD^
p�j?`
_#g?d�d��Tc?W8_#pq]2j

Ñ · ï � �ð Å þ Ì � � þ ¿t¨2Ã

~�gDdka
d ï pq^�_
gDd�h� �'I~*dkpq`8gC_km8Å�p�^>_#gDd*{KdkjDbDcDZqcD|¸ZqdkjD`8_
g
W8j?b � � pq^�_#gDd�g?]8a#pq�k]2jC_#W8Z�b?dQ�4dkfk_
pq]8j\� ��gDd�{4dkj?bDcDZqcD|
ZqdkjD`2_#g�pq^�{4dka
pq]Tb?p�f�W8ZqZqlzfQgDdkfQ¢8dkb � lz{4d�a#_#c?a � pqjD`z_
gDd�|!]CbDd�Z
W8j?b�Z�d�_#_#pqjD`�pq_�^#~�pqjD`�^#pqjCcD^
]8pqbDW8ZqZql�~�pq_#g�^#|�W8ZqZ8W2|!{DZqpq_#c?bDdR�
��gDd/b?p�^
{DZqW8fkd�|!dkjC_K^#pq`8jDW2Z�rta#]2| _
gDd/ZqW8^
dka\^#d�jD^#]2a�pq^\a
dkfk]8a
bDdkb
]8j¦WXbDpq`8pq_
W8Z8^
_#]2a#W8`2d@]2^#fkpqZqZq]8^
fk]8{KdX¿t®�eD§�Ã�rt]2a�W��6�¬��^#d�fk]8jDb
{Kdka#pq]Cb\m4W2jDb�_#gDdz®�eD§ ]8cD_
{DcD_�pq^�W8jDW2ZqlT��dkb�_#]�bDdk_
dka#|�pqjDd
_#g?dzjDW8_
cDa#W2Z\rta
dk�CcDdkjDf�l8�*��gDdzZqdkjD`2_#g�]Rr/_#g?dz{4d�jDbDcDZqcD|¡pq^
_#g?dkj�bDdk_
dka#|�pqjDdkb � l

Å · Ï
¿w¨8Ö Ò Ã þ T ¿t�2Ã

��gDd�WRY8d�a#W8`2dXbDd�YTpqW2_#pq]8j�pqj�_#g?d�{?a#dkbDpqfk_
pq]8j!]�r�_
gDdXjDW2_#cDa
W8Z
rta
dk�CcDdkjDfkl�pq^@cD^
dkb�~�pq_#g¶���4�4�¦_#]�bDdk_
dka#|�pqjDdX_
gDd�dka#a
]8a�pqj
_#g?d�Zqdkj?`8_#g�|�dkW8^
cDa#dk|�dkjC_k�

��gDd�|�W8^#^�pq^�|!dkW2^#cDa
dkb�]8j�WzeCd�_#a#W9����ª4�:«2®IbDpq`8pq_
W8Z
� W2Z�W2jDfkd-~�p�_
g!W�«8T¬«8«?��Ï}W2fkfkcDa
W8fkl2�/��gDd�|!]CbDd�Z4|�W8^#^�|!WRl
YRW8a
l � l-W � ]8cD_�«8T¬«8«2��Ï�rta
]8|�bDWRl-_#]-bDWRl8mRbDc?d/_#]-gTc?|!pqbDpq_)l8m
bDcD^
_�W8jDb�]2_#gDdka-dkjCYCp�a
]8jD|�dkjC_#W2Z4fk]2jC_#W8|�pqjDW8_
p�]2j\�

��gDd��4W8{?{DpqjD`�rta
dk�CcDdkjDf�l}pq^�W2b�ÖQcD^
_#dkb�c?^#pqjD`XW�^
_#a#] � d
Zqpq`8gC_@W2^XW�a
dQrtdka
dkjDfkdRm>~�gDdka#d�_#g?dz^#_
a#] � d�p�^�^
dk_X_
]!_
gDdzbDdQ�
^#pqa
dkb�rta#d��Tc?dkjDfkl2m�W2jDb'_#g?d�|!]8_
]8a-^#{Kdkdkb�pq^�W8b�ÖQcD^#_
dkb'cDjC�
_#pqZ>_#gDd�~�pqjD`!|�]8_#pq]2j!W8{?{4dkW2a#^-rta
]8�kdkj�p�j�_#gDd�Zqp�`2gC_�]Rr/_#gDd
^#_
a#] � dR�¸�X]R~*dkY8dka�m�_#gDd�_
a#cDdi�4W8{D{?p�j?`�rta#dk�CcDd�jDfklIpq^!bDdQ�
_#d�a#|!pqjDd�b � l!a
dkfk]8a
bDpqjD`�_#g?d�Y2]8Zq_#W2`8d-`8]8pqjD`�_#]�]2jDdX|�]8_
]8a
{K]8ZqdX]2j�_#gDdz®�eD§¦mTW2jDb!_
gDdkj�W8jDW2Z�lC�kpqjD`¦_#gDd-_#pq|!dQ�)gDpq^#_
]8a
l
]RrX_
gDd!Y2]8Zq_#W2`8d�bDc?a#pqjD`�{K]8^
_)�){Da#]Cfkdk^
^#pqjD`?� ��g?p�^�{Da
]RYTpqbDd�^
� ]8_#g�W2j�W8fkf�cDa#W2_#dX|�dkW8^
cDa#d*]Rr�_
gDd*rta
dk�CcDdkjDfkl�W2jDb�W�|!dkW��
^#c?a#d�]RrX_
gDd��4c?fk_#cDW2_#pq]8j rt]8a¦dka#a
]8a�dk^
_#pq|!W2_#pq]8j\�k0?]8a¦Z�]R~
rta
dk�CcDdkjDfkpqdk^-_#gDd �4cDfk_
cDW8_
p�]2jD^�W8a
d�cD^#cDW2ZqZ�l��CcDpq_
d�Zq]R~�m � c?_
rt]2a\Y8dka
lzgDpq`8g-rta
dk�CcDdkjDfkpqdk^�_
gDd@d�a#a#]2a#^�W8a
d/^#]2|!dk_
pq|!dk^KZqW8a#`2d
bDcDd¦_#]�{K]R~@dka��trwW8bDdR�- XZq^#]?mDbDcDd�_#]�_#g?dz{4]R~*dka��trtW2bDdzpq^#^
cDdRm
^#]2|!dk_
pq|!dk^�_
gDa#cD^
_}b?W8_#W�pq^�a#dkf�]8a#b?dkb � dQrt]2a#d�_#g?d}jDW2_#cDa
W8Z
rta
dk�CcDdkjDfkl�]8^
fkpqZqZ�W2_#pq]8j?^�bDpqd}]2cD_km\lCpqdkZqbDpqjD`�W8bDb?p�_
pq]8jDW2Z�cDjC�
fkdka
_#W2p�jC_)l�p�j�_
gDd�|!dkW2^#cDa
dk|!dkjC_
^k�

²



���C{Kdka#pq|!d�jT_
^�W8a
d�{Kdka)rw]8a#|�dkbIpqj _
gDd�V-WRYRW8Z�[>]2^#_)�
`8a
W8bDc?W8_#dIeCfQgD]C]8Z��$T¬�ÕÒ��$T¬��µ Z�]R~*�)^#{Kdkdkb¸~�pqjDbC�)_#cDjDj?dkZw�
��gDdz_
cDjDjDd�Z�pq^XW�fk]2jC_#pqjCcD]8cD^�mD�4]R~*�)_#g?a#]8c?`8g�rtW8f�p�Zqpq_)l�~�p�_
g
W8j'W2{D{Da
]R�Tpq|�W8_#d¦�4]R~�^#{KdkdkbIa
W8jD`2d � dk_)~*dkdkj�«�µ!º�Â�W2jDb/8T¬��µ!º�Â�����gDd�^#{Kdkdkb�pq^@^
dk_ � l�YRW2a#lCpqjD`z_#g?dX{Dpq_#fQg�]Rr�W¦rtW8j
~�gDpqfQg�pq^XbDa
pqY8dkj � l�W!f�]8jD^
_#W8jC_�^#{Kdkdkb�|!]2_#]2ak����gDd�_#cDjC�
jDdkZ�gDW2^XW�^
�Tc?W8a#d�m�ª�T¬�íÒ�ª�T¬��µim � dkZqZs��^
gDW8{Kdkb�pqjDZqdk_-~�p�_
g�W/��)_#]��£� fk]8jC_#a
W8fk_
pq]8j!a
W8_
p�]�_#]�_#g?d}�$T¬�ÔÒ��;T¬��µ _#dk^
_�^#dkfk_
pq]8j\�
��gDd�_#cDa � cDZqdkjDf�d}ZqdkY2dkZ�gDW8^ � dkd�j�bDd�_#dka
|!pqjDdkb � l3�\c?jDb*+M´
cD^
p�j?`k��®I'z�ñ0?]8az^
{4d�dkbD^!W � ]RY2d��$T¬��µ�º�ÂÊ_#gDd�_
cDa � c?Z�d�jDfkd
pqjC_#dkjD^
pq_)l'~@W2^z|!dkW2^#cDa
dkb � dkZq]R~%�R�.²8��ò%W2_}_
gDd!_
dk^#_�^
dkfQ�
_#pq]2j\� 0>Zq]R~�^
{4dkd�b pqj�_#g?d�_
cDjDjDdkZ¦p�^�|!dkW2^#cDa
dkb cD^#pqjD`W
{Dpq_#]2_)�)^#_
W8_#pqf�_
c � d�W8_
_#W8fQgDd�b�_#]�W8j'h4)ze'�*W8a#W2_#a
]8j'_)lC{4d
¨8¨2�R��b?p.¦\dka
dkjC_#pqW8Z\{Da
dk^#^
cDa#d�_
a#W2jD^#bDc?fkdkak����gDd�_
a#W8j?^#bDcDf�dka
{Da
]RYTpqbDd�^zW�Y8]2Zq_#W8`2d�_#gDW2_zpq^zZqpqjDdkW8a¦~�p�_
g�_
gDd!b?p.¦\dka
dkjC_#pqW8Z
{Da
dk^#^
cDa#dRm*lCp�d�Z�b?p�j?`���Y8]2Z�_�W2_�Ê_#]8a
ak�!��g?d��4]R~*��^
{4d�dkb'pq^
_#g?dkj�`8pqY2dkj � l

× Á ·ìó ¨ �Ôô
ýTÁ ¿<ªCÃ

��gDd�_
a#W8j?^#bDcDf�dka�gDW8^�Wza#dk{K]8a
_#dkb�W8fkf�cDa#W2fkl�]Rr�«6� ��ò ]Rr\_#gDd
rtcDZqZs�)^#fkW2Z�d�a#dkW2bDpqjD`z~�gDpqfQg\m8bDc?d�_#]�_#gDd�j?W8_#c?a#d�]Rrq���K�8ªDm8a
dQ�
^#c?Z�_
^Xpqj�a#W2_#gDdka-ZqW8a#`2d�dka#a
]8a#^-pqj²_
gDdz|�dkW8^
cDa#dk|�dkjC_@]�r/Z�]R~
Y8d�Z�]Cfkpq_
p�d�^ � c?_}�CcDpq_#d�^
|!W8ZqZ�dka
a#]8a
^!pqj'_#g?d²|�dkW8^
cDa#d�|!dkjC_
]Rr/gDpq`2g²Y2dkZq]Cfkpq_#pqdk^k�-��gDdz{Dpq_#]2_)�)^#_
W8_#pqf�_#c � d�gDW8^ � d�dkj�fkW2Z¬�
p � a#W2_#dkb'c?^#pqjD`3��®I'zm�W2jDb'~@W2^�^#gD]R~�j'_
] � d�^
cC±!fkpqdkjC_#Zql
W8f�fkcDa#W2_#dR�/��g?d:��®I'�dk�CcDpq{D|�dkjC_\p�^>jD]R~ � dkpqjD`*¤4_#_
dkb�~�p�_
g
W8j�dkj?fk]CbDdka�rt]2a�{4d�a)rt]2a#|!pqjD`�_#pq|�dQ��W2fkfkcDa
W8_
dzZq]Tf�W8Zqpq�kdkb�Y8dQ�
Zq]Cfkpq_)l�|!dkW2^#cDa
dk|!dkjC_
^@]�r�_
gDd�^#cDa
a#]2cDjDbDpqjD`��4]R~*¤KdkZqb\�

��gDdz{?p�_
]8_���^
_#W8_
pqf}_
c � d�gDW2^Xdka
a#]8a
^zW8^
^#]CfkpqW8_
dkb�~�p�_
g
_#g?d�|!dkW2^#cDa
dk|!dkjC_�]Rr � ]2_#g�_#g?d�^#_#W2_#pqf�W8j?b}_
]8_#W2ZD{Da
dk^#^
cDa#dR�
��gDd�{Dpq_#]2_!_#c � d'cD^
dkb gDdka#d'g?W8^�W8j�]2cD_#d�a�bDpqW8|�dk_#dka�]Rr
��µ·µ�m/��^#_#W2_#pqf�{4]2a#_#^¦W8Zqpq`8jDdkb�^#lC|!|�dk_#a
p�f�W8ZqZql8m4��ªXµ¶µ ¿w�
bDpqW8|�dk_#d�a#^ßÃÊbD]R~�jD^
_#a#d�W8| ]Rrz_
gDd�_#pq{ � W8^#d�mXW8jDb�W'^#_#d�|
W8{?{Da#]R�Cpq|!W2_#dkZql��:¨2«�µ·µ ¿
�:��bDpqW8|�dk_#d�a#^ßÃ bD]R~�jD^
_#a#d�W8|�]Rr
_#g?dX^#_
W8_
p�f-{4]2a#_
^k�/ Xf�fk]8a
bDpqjD`z_#]�[>]8{Kd�+MWz_#gDd-`8dk]2|!dk_
a#l�]Rr
_#g?d�{Da#] � d�^
gD]8cDZqb�lCpqdkZqb}W � ]2cD_�W}«C�¬��ò ]RY8dka���{Da
dkbDpqfk_
p�]2j�]Rr
_#g?d�^
_#W2_#pqfz{Da
dk^#^
cDa#dR�

y�d�bDcDfkdkbÊrta#d��Tc?dkjDfkpqdk^ � d�_)~@dkd�j²W � ]2cD_/«C�<�*_#]!��«�W8a
d
_#d�^#_#d�b\m}W2^�~@d�Z�Z¦W8^�_#gDd'Zqpq|!pq_
p�j?`�fkW2^#d']�r^
_#W8_
pqf'_#gDa
cD^#_
_#g?W8_XlCpqdkZqbD^-W!_#g?dk]8a
dk_#pqfkW2Z/a#dkb?cDfkdkb�rta
dk�CcDdkjDf�l�]Rr@pqjC¤KjDpq_)l
¿ � W8^#d�b�]8j�rwa#dkdQ�)^#_
a#dkW2| ^#{KdkdkbKÃQ��n*gD]8a
bC�#y�dklCjD]2Z�b?^zjCcD|��
� dka#^ rt]8a�_
gDpq^�^#_#c?bDl!YRW2a#l � dk_)~@d�dkj «¦W8j?b²W � ]2cD_X¨Rª?m¬«8«8«6�0>Zq]R~�YCpq^#cDW2Zqp���W8_#pq]2j�pq^!{Kdka)rw]8a#|�dkb�cD^
pqjD`�W^#|!]2¢8d
~�pqa#dRm/~�pq_
g «YT ��µ¶µ�b?p�W2|!dk_
dkazV-p¬�#n*gDa
]8|!d�¿<V5%#�2«��#n�yX¨2«8Ã
~�pqa#d/^
_#a
dk_#fQgDdkb � dk_)~*dkdkj�_)~*]X{K]8^
_#^km2W8jDbz^
{Da#pqjD`���Zq]2W8bDdkb�_
]
W8f�fk]8cDjC_*rt]2a@_
gDd�~�pqa#dQ�)dkZq]8jD`2W8_
p�]2j�~�gDdkj�pq_k°N^*gDdkW8_
dkb\�*��gDd
a#d�^#pq^#_
p�Y2d�~�p�a
d�p�^�gDdkW2_#dkb � l'W8{?{DZqlTpqjD`�W'Y8]8Zq_
W8`8d�W2fka#]2^#^
pq_#^*ZqdkjD`8_
g\mCW8jDb�^#|!]2¢8d�pq^*`8dkjDd�a#W8_
dkb � l}bDa
pq{D{DpqjD`�y�]8^
fk]Cd
rt]2`¥ÖQcDpqfkd�bD]R~�j'_
gDd!~�pqa
d!{Da
p�]2az_#]�gDdkW2_#pqjD`�pq_�����]�`8dkjC�
dka
W8_#d�^
_#a#d�W8¢CZqp�j?dk^km�_#g?p�jfk]8{?{4dka�~�pqa
d ¿w«8T¬¨8��ªXµ·µ�bDpqWTÃ¦pq^
~�a#W2{D{Kdkb�W8a
]8cDj?b�_#gDd¦VXps��n*g?a#]8|�d�~�p�a
d�W8_XpqjC_#d�a#YRW8Zq^�W2jDb
^#]2ZqbDdka#d�b�_#]�¢2dkdk{�pq_*p�j�{DZqW2fkdR�õ0?]8a�_
gDd�^#|�]8¢8d£��~�pqa#d�cD^
dkb\m

_#g?d@~�pqa#d�±R^#]2ZqbDdka � dkW2bD^�W8a#d*^#{?W8fkdkb�W8_*�k»�µ pqjT_
dka#YRW2Zq^k����gDd
rt]2`X�KcDpqb�_#dkjDb?^�_#]z{K]C]8ZD]2j�_#gDd � dkW2bD^kmDW2jDb�pq_/_#W2¢8dk^*^#]2|!d
_#pq|�d*rt]8a*_#gDd¦~�p�a
dX_
] � cDa#j�];¦i_
gDdk^
dzbDdk{K]8^
p�_
^kmK{Da#]RYCpqbDpqjD`
�-_#]!��«-^#dkfk]2jDbD^�]�rofk]2jC_#pqjCcD]8cD^�^
|!]8¢2dR����gDd�cDjDbDpq^
_#cDa � dkb
^#|�]8¢2d/a#W2¢8d*fkW8j � d�^#dkd�j�p�j90>pq`D�D��²-~�pq_#gzW�~�pqjDbC�)^#{Kdkdkb�]Rr
�$T¬��µ!º�Â���¯�pq_#g!^
Zqp�`2gC_#Zqlz|!]2a#d�bDd�_#W8pqZwmCp�_�fkW8j � d�^#d�dkj�_#gDW2_
|!]2^#_�]Rr�_#g?d�^#_#a
dkW8¢CZqpqjDdk^zW2a#d�a#dkW2Z�Zql�_)~*]Dm>fkZq]8^#d�Z�l�^#{?W8fkdkb
ZqpqjDdk^k���*lC{DpqfkW8ZqZql�_#gDdÊ�4cDpqb'{K]T]2Zq^zW � ]RY8d�W2jDb � dkZq]R~�_#gDd
� dkW8bD^�mTW2jDbzpq_k°N^�_#g?dk^#d�_)~*]XbDd�{4]2^#pq_#^/_
gDW8_ � c?a#j�W8jDbzf�a#dkW2_#d
_#g?d�{?W8pqa#^�]�r�ZqpqjDdk^��

>�? @BA"C�¸�D�õ ÞQÙ�Ú�ê�å�ö)Ù�¿<ôKá ÜsÙ�ÚtÙ
âtïkñ�ø0?]8a�W�rtdk~_#dk^
_#^�_
gDd�|!]CbDdkZCpq^�¤4_
_#dkb�~�pq_
g�^#|!W2ZqZ8_#pq{C�
{DZqW8_
dk^kmDW2_#_
dk|!{D_
pqjD`z_#]�a#d�bDcDfkd�_#pq{C�)Zq]8^
^#dk^��@��gDd-_#pq{C�){DZqW8_#d�^
W8a
d}f�]8jD^
_#a#c?fk_#dkb]8cD_�]�r � W8Zq^
WDm\fkW8a � ]2jC�w¤ � d�azW8jDb�|!pqfka
]R�
¤4Zq|�mCW8j?b!fkW2j � dz^
dkdkj�pqj10>pq`D�����C�

>�? @BA"C�½�D�õ ÞQÙ é@à ¾ £Râ<â<Ù#î*ôKá âtÞ*â<á ñ,¿Æñ�ó ÛQâ<Ù#Ú
øö�527:ADMNOQ7
y�d�^#cDZq_#^�W2a#d�{Da#]RYCpqbDdkb�pqj�_
gDd�^#dkfk_
pq]8jD^ � dkZq]R~¡rt]2a

_#g?d!jCcD|!d�a#pqfkW8Z�{Da#dkb?p�f�_#pq]8jD^¦]RrX_#g?d!{DW2jDdkZ*fk]CbDdRm/�CcDW8Zqpq_#W��
_#pqY2dXdk�C{Kdka#pq|!d�jT_
W8Z\a
dk^#cDZq_
^�cD^#pqjD`��4]R~�YTpq^
cDW8Zqpq�kW8_
pq]8j�~�p�_
g
fk]2|!{DW2a#pq^#]2jD^/_#]�_
gDd�{DW8j?dkZ\fk]CbDdRmKW8jDb��CcDW8jC_
p�_
W8_
p�Y2d�|!dkW��
^#c?a#dk|�dkjC_#^�]Rr/_
gDa#cD^
_X]2j!_#g?dz|!]CbDdkZw�

³XAD´�5CS��NxREDM�L�Sw52G*�NxRO�� 143C7
��gDd�W8{D{?Z�pqfkW2_#pq]8j�]Rr�{DW8jDd�Z/|!dk_
gD]CbD^-rt]8a�_
gDd�^#pq|�cC�

ZqW8_
p�]2j!]�r�_#g?d hi �'��K]R~*¤4dkZqbD^�pq^@f�dka#_
W8pqjDZql!�CcDdk^
_#pq]8j?W � ZqdRm

�



W8^*dkW2a#Zqpqdka@d�YTpqbDd�jDfkd�^#cD`2`8dk^
_#dkb�^
dk{DW8a
W8_
dkb��4]R~I]RY8dka*|!]2^#_
]Rrz_
gDd��4pq`8gC_�a#dk`2pq|!dR���-]R~@dkY2dkakm-_#gDdka
d�W8a
d�fkdka
_#W2p�j�W8^)�
{Kdkfk_#^�_#g?W8_z|�p�`2gC_ � d!]Rr�pqjC_#dka
dk^#_��k0D]2azdk�CW8|�{DZqdRm�pq_�~@W2^
^#g?]R~�j � l428]2jDdk^9���(!;#<6 = _#gDW2_�_#gDd�{DW8j?dkZ�fk]CbDd�{Da#d�bDpqfk_#dkb
~*W8¢8d-_#]2{4]2Z�]2`8pqdk^/W2fkfkcDa
W8_
dkZql�rt]8a*jDdkW2a#Zql�_)~@]���b?p�|�dkjD^
p�]2jDW8Z
�4]R~�^�m8dkY8d�j�W8_�Y8dka
l}g?p�`2gza#d�bDcDfkdkbÊrta#d��Tc?dkjDfkpqdk^�¿<^
dkd50>p�`?�D�
rt]2a/dk�CW8|�{DZqd:ÃQ�÷çXjCrw]8a#_
cDjDW2_#dkZql2mT~�pq_#g�_
gDd�Y8dka
l�Zq]R~ W2^#{Kdkfk_
a#W2_#pq]z]�r�_#gDdzh� z'�¿
å�ªCÃQmC_#gDd-�4]R~�^/W2a#d-Z�pq¢2dkZql}_
] � d�Y2dka#l
_#g?a#dkdQ�)bDpq|!d�jD^#pq]8j?W8Zw��çX^
pqjD`X_
gDd�{DW8j?dkZCfk]CbDd�_#]�{Da
dkbDpqfk_�_#gDd
{Kdka)rt]2a#|�W8jDfkd*]Rr\_#g?d�h� z'�pq^�rwcDa#_
gDdka*fk]8|�{DZqp�f�W8_#d�b � lz_#gDd
W8d�a#]CdkZqW8^
_#pqf!bDd£�4dkfk_
p�]2j�]�rX_#gDd�~�p�j?`8^km�|!W2¢Cp�j?`!_#g?d!W8j?`8Zqd
]Rr�W8_
_#W8fQ¢�W8j�cDjD¢CjD]R~�j\�X¿Æ Xdka
]CdkZqW8^#_
pqfz|!]CbDdkZqpqjD`�]Rr/_
gDdk^#d
{Dpq_#fQg�bDdQ�4d�fk_#pq]8j?^@|�WRl � d�fkW8a
a#pqdkb�]8c?_�pqj�W-rtcD_#c?a#d�^#_
cDbDl2�¬Ã

�X]R~*dkY2dkakm/W2^}jD] � dk_#_
dka�jCcD|!dka
pqfkW8Z*|!dk_
gD]CbD^z~*dka#d
WRYRW8pqZqW � Z�d�m:_#g?d�{DW8jDd�ZDfk]CbDd�~*W8^�cD^#d�b�_#]z|�W8¢8d�W�Zq]R~*��]2a#bDd�a
dk^
_#pq|!W2_#d�]Rr�_
gDd�{4d�a)rt]2a#|!W2jDfkd�]�r�_#gDdzh� z'z��%wr�_#g?dXW8d�a#]CdQ�
ZqW8^
_#pqfXbDd£�4dkfk_
p�]2j�]Rr�_#g?d�~�pqjD`¦p�^*pq`8jD]2a#dkb�mD_#gDdkj�_
gDdX~�pqjD`2^
|!]RY2d�~�pq_#g!W�{DZqcDjD`2d�W8|!{?Z�pq_
cDbDd*]Rr Ó�· «YT¬��W8jDb � Ï · �
bDdk`2a#dkd�^km�~�pq_#g�W�{Dg?W8^#d�W2jD`8Zqd�]RrX�:�2«zb?dk`8a
dkdk^k�t%)j�a#dkW2Zqp�_)l2m
W8^�_
gDdzrwa#dk�CcDdkj?fkl�pqjDf�a#dkW2^#dk^�m�_
gDd�{Dpq_#fQgDpqjD`�W8{D{Da
]8W2fßg?dk^�W
{DgDW2^#d-W8jD`2Z�d�]�r�¨�²2«�bDdk`2a#dkdk^�m4W2^@_
gDdX~�pqjD`2^/rtd�W8_#g?dka@c?jDbDdka
W8d�a#]CbDlCjDW8|�pqf/Zq]8W8b?p�j?`D��%)j¶0>pq`8^��4��/-W8j?b!¨8«-_#gDd-{Da#d�bDpqfk_#dkb
_#g?a#cD^
_�f�]Td£±!fkpqdkjC_km ¼*Ð mKW8jDb�{Da#]2{DcDZq^#pqY8d�dQ±!f�p�d�jDfkl2m  m\W8a
d
{DZq]8_
_#dkb�W8^-rtc?jDfk_#pq]2jD^�]Rr@_
gDd�a#dkb?cDfkdkb rta#dk�CcDd�jDfkl2m Õ m�W2jDb
{DgDW2^#d*W8jD`2ZqdRm � ����gDd*{Da
dkbDpqfk_#d�b�dQ±!fkpqdkjDfkpqdk^�|!WRl � d*�Tc?p�_
d
gDpq`8g�m8W � ]RY8d(/8«-{Kdka#fkd�jT_�mDgD]R~*dkY8dka�mT~�g?dkj�_#gDd�d£±!fkpqdkjDfkl�pq^
gDpq`8g�mT_
gDd�_#gDa
cD^#_�fk]CdQ±!f�p�d�jT_*pq^@Zq]R~�mCW8jDb�psr�YTpq^
fk]8cD^*Zq]8^
^#dk^
W8a
d�fk]8jD^
pqbDdka#d�b\m\_#gDd�{DZq]8_*pq^�Zqp�¢2dkZql}_
]�fQgDW8jD`2d�bDa#W2^#_#pqfkW2ZqZ�l2�
y�d�`8pq]8jD^�]�r � ]8_
g�gDpq`8g�dQ±!fkpqdkjDfkl�W2jDb�gDpq`8g�_#gDa
cD^#_-W8a
dz]Rr
pqjC_#dka
dk^#_��X��gDdz{K]8a
_#pq]8j�]Rr/_
gDdzdQ±!fkpqdkj?fkl�{DZq]8_�_#g?W8_�bDa
]8{D^
� dkZq]R~��kdka
]}]2a�p�^�W � ]RY8d��@g?W8^ � dkdkj�_
a#cDjDf�W8_#d�b�rt]2a/fkZqW8a
p�_)l2�%)j�_
gDpq^Xa#d�`8pq]8j�_#g?d}_
gDa#cD^
_Xpq^Xj?dk`8W2_#pqY8d!¿ÆbDa#W2`DmKjD]8_-_#gDa
cD^#_
pq^@`2dkjDdka
W8_
dkb4ÃQmKW8jDb�]RY8dka*|!]2^#_�]Rr�_#gDd-W8a
dkW}_
gDd�{4]R~*dka*fk]R�
dQ±!fkpqdkjC_�pq^�W8Zq^
]�jDd�`8W8_
pqY8dRm*p�j?bDpqfkW8_
p�j?`�_#gDW2_�_#gDd�~�pqjD`�pq^
�4cD_
_#dka
pqjD`'¿<dk�C_#a
W8fk_
pqjD`�dkjDdka
`8l�rta
]8|%_
gDdz�K]R~XÃQ�Ô%)j�_
gDdk^#d
_#g?a#dkdQ�)bDpq|!d�jD^#pq]8j?W8Z*{DZq]8_#^�m@_
gDd!^
]8Zqpqb�ZqpqjDdk^�a#dk{Da
dk^#d�jT_�_#gDd
YRW8ZqcDd�]�r _
gDd�rtcDjDfk_
pq]8jIpqjDbDpqfkW8_
dkb�]2j�_#gDd�Y8dka
_#pqfkW8Z�W2�Tpq^�m
W8j?b�_#gDd¦YRW8a#pq]2cD^�bDW8^
gDdkb�Zqp�j?dk^Xa
dk{Da#d�^#dkjC_z~*W8_
dka#|�W8a#¢C^�]2a
pq^#]2Z�d�Y8dkZq^�]Rr*_#gDd�rwcDjDfk_
p�]2j\m4W2^XpqjDbDpqfkW2_#dkb�p�j�_
gDdzZqdk`8d�jDb�pqj
_#g?d�c?{D{4d�aXa#pq`2gT_�f�]8a#j?dkak�0>pq`8cDa
d!��/Ê|!WRl � d�|!pq^#ZqdkW2bDpqjD`}b?cDd}_
]!_
gDd}pqjCY8d�a#^#d
a#d�Z�W2_#pq]8j?^#gDpq{�]�rX_#gDd�a
dkbDcDfkd�bIrta#d��Tc?dkjDfklW8jDb_#gDd�Y8d�Z�]CfQ�
pq_)l8�/®-pq|!dkjD^
pq]8jDW2Z�ps�kpqjD`ø0>pq`D�K��/�_
]}{Da
dkbDpqfk_*a#dkW2Z\_#gDa
cD^#_�rt]2a
W��KW8{D{DpqjD`�rwa#dk�CcDdkj?fkl�]Rr@¨2«R�X�¦lTpqdkZqbD^-_#gDd�a#d�^#cDZq_#^�^
gD]R~�j
pqjk0>pq`D��¨D���zVX]8_
dRm�_
gDd�{4]R~*dka�gDW2^ � dkdkj'Zqpq|!pq_
dkb!W2fkfk]8a
bC�
pqjD`�_#]z_
gDd�|!]2_#]2a�^#{Kdkfkps¤4f�W8_#pq]2jD^@W2jDb�W8{D{Da
]R�Cp�|�W8_
p�]2jD^Krt]2a
|!]2_#]2akm�`8dkW2a�W8jDb|!dkfQgDW2jDpqfkW8Z/d£±!fkpqdkjDfkpqdk^�� §�r�{DW8a
_#pqfkcC�
ZqW8a�pqjC_#dka
dk^#_�gDdka
d�p�^�_
gDW8_zW2^�_#gDd�Y2dkZq]Tf�p�_)l�p�j?fka#dkW2^#dk^�m/_#gDd
|!pqjDpq|�cD|�_
gDa#cD^
_/]CfkfkcDa
^�rt]2a�{?gDW8^
d�W8jD`2Z�d�^�]�ro¨�²2«�bDd�`8a#d�dk^
¿<_
gDdzW2jD`8Zqd�rw]8a�]8{?_#pq|�cD| d£±!fkpqdkjDfklDÃQm\W2jDb�_#gDd�|!W2�Cp�|�cD|
]CfkfkcDa
^�rt]8a¦{DgDW8^
d!W2jD`8Zqdk^ � dk_)~*dkdkjù/8«�W2jDb��:�2«�bDdk`2a#dkdk^�m
gD]R~*dkY8d�akm8_
gDd@W2dka#]CbDlCjDW2|!pqf�Zq]8W8b?p�j?`�p�j�_
gDW8_�a#d�`8pq]8jzpq^>^#cCr<�
¤4fkpqdkjC_�_
]�^#W8_
cDa#W2_#dz_
gDd�|!]2_#]8a��

Thrust Coefficient
     0.6
     0.5
     0.4
     0.3
     0.2
     0.1
       0

0
90

180
270

360 0

0.5

1

1.5

2

0

0.1

0.2

0.3

0.4

0.5

0.6

phi (degrees)

k

Ct

>�? @BA"C�Ì�D äTÜsÙ#îká Ý
â<Ù#î*âtÞkÜqïQÚwâ\Ý#å�Ù��Ý#á ÙßãQâCæqåkÜCâtÞQÙ�é*à ¾ ø
Propulsive Efficiency

     0.9
     0.8
     0.7
     0.6
     0.5
     0.4
     0.3
     0.2
     0.1
       0

0

90

180

270
0

0.5

1

1.5

2

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

phi (degrees)

k

eta

>�? @BAYZ�Ñ�D äTÜsÙ#îká Ý
â<Ù#î*Ù��Ý#á ÙßãQÝ
û�æ�åkÜCâtÞ£Ù@é*à ¾ ø
Thrust (mN)

      25
      20
      15
      10

0
90

180
270

360
2

4

6

8

105

10

15

20

25

30

phi (degrees)

V (m/s)

Thrust (mN)

>�? @BAYZ�C�D äTÜsÙ#îká Ý
â<Ù#î*âtÞkÜqïQÚwâKæ�åkÜCâwÞQÙ*é@à ¾ ÛQâqú�û$ü�ýQø
þ ACEDMÿ�NOQECO����85�JDMN1���u�36E6M��87�� 7çX^
pqjD`�_#gDd�^#|!]2¢8dQ�)~�pqa#dRm>^#_#a
dkW8¢CZqpqjDdk^zj?dkW8a�_#gDd�f�dkjC�
_#d�a#ZqpqjDd!W2a#d!^
gD]R~�j�pqjé0>pq`D��¨2¨�rt]2a}W�rwa#dk�CcDdkj?fkl�]�r}�:«R�-�
W8j?b'W�Y2dkZq]Tf�p�_)l�]Rr}�;T¬��µ!º�ÂRm�a#d�^#cDZq_#pqjD`�pqj'W�a#d�bDcDfkdkb rta#dQ�
�CcDdkjDf�l�]�rXW � ]8cD_��R�¬�6���g?d��4]R~�p�^�a
dk|!W2a#¢RW � Z�l�{DZqW2jDW8a�m
W8j?b�_
gDd�]8cD_
Zqp�j?dz]Rr@W�jCcD| � dka�]Rr@Y2]8a
_#dk��^
_#a
cDfk_#c?a#dk^�fkW2j
� d²^
dkdkj\����g?d²~*W8¢2d!_
]8{K]8Zq]8`2l�{Da
dkbDpqfk_
dkb � l'_#gDd�{DW2jDdkZ
fk]CbDdÊrt]8az_
gDd!^
W8|�d}fkW2^#d�pq^z^#g?]R~�j'p�jé0>pq`D��¨8�Cm�W8j?b'p�^¦W
{Da
dk_#_)l�`8]C]Cb!a
dk{Da
dk^#dkjC_
W8_#pq]2j�]�r�_#g?d�a
dkW8Z��4]R~��

/



>�? @BAYZ�Z�D ðCÙßãQâÆÙßÜqó á ãQÙ�ôDÛkö)Ù/â<å�ñkå:ó åkükû�ÛQâoÕ�· �;T¬� ø

>�? @BAYZ�_�D äÇÛkãQÙQó ¿<Ý#å�îkÙ/ñQÜ¬Ù
îká Ý
â<á å:ã*åQæDâtÞ£Ù/ôDÛkö)Ù�ø
VX]2_#dRmD_
gDd�~@W2¢8d�^#g?]R~�j�rt]2a�_#gDd�{DW2jDdkZ\fk]CbDdzpq^*pqjDbDps�

fkW2_#dkb�cD^
p�j?`}W�^#|�W8ZqZC^#�CcDW8a
d�_#]�a#dk{Da
dk^#d�jT_�W�bDpq^#fka
dk_#d�Y2]8a)�
_#d���^
gDdkb�rta
]8| d�W8fQg�W2pqa)rt]2p�Z�W2_�d�W8fQg'_#pq|!d£��^
_#dk{�_#]�W8{?{DZql
_#g?dX�Xd�Z�|�gD]8Zq_
�@fk]2jDbDpq_#pq]2j\����gDd-^#pq�kdX]�rod�W8fQg!^
�Tc?W8a#d-pqjDbDps�
fkW2_#dk^zpq_
^zY8]2a#_#pqfkpq_)l�|!W2`8jDpq_
cDbDdRm\W8j?b�_
gDd�fk]8Zq]2a�pqjDb?p�f�W8_#d�^
pq_#^/]2a#pqdkjC_#W2_#pq]8j�����gDdka
dQrt]8a
dRmD_#g?d�{DW8jDd�ZDfk]CbDdXpq^�dk^
^#dkjC_#pqW2Z�Zql
WÝ����p��
� ��� ���Ô�c!�y�y�� ��y�W8{?{Da#]2W8fQg\mRW8jDb�{Da
]RYCp�b?dk^�dk�Cfkd�Z�ZqdkjC_�bDdQ�
_#W2pqZD]Rr�_
gDd�dkY8]2Z�c?_#pq]8j�]Rr�_
gDdX^
gDdkb�Y8]2a#_#pqfkpq_)l2m � cD_*{Da
]RYTpqbDd�^
jD]zYCpq^#c?W8Zqpq�kW8_
p�]2jzpqjCrt]2a#|!W2_#pq]8j�]2j�_#gDd�dk�C_
dka#jDW2ZK�4]R~�����gDd
^#_
a#dkW2¢CZ�pqjDd�^kmX]2j�_#gDd�]8_#g?dka�gDW8jDb�m¥{?a#]RYCpqbDd�W8jIdk�Cfkd�Z�ZqdkjC_
YCpqdk~I]Rr�_#g?dXdk�C_#d�a#jDW2ZK�4]R~�m � cD_@YCpqa#_
cDW8ZqZqlzjD]¦p�j6rt]8a
|!W8_
pq]8j
~�pq_#gDpqj�_#gDdzY2]8a
_#pqfkW8Z\^
_#a
cDfk_#c?a#dk^��

 X~*WRl*rta
]8| _#gDd/f�dkjC_#dka
Z�pqjDd�_#gDd��K]R~ � dkfk]2|!dk^\gDpq`2gDZql
_#g?a#dkdQ�)bDpq|!d�jD^#pq]8j?W8Zw�� �_�Zq]R~�a
dkbDcDf�dkb�rta
dk�CcDdkjDfkpqdk^�_
gDd�_#pq{
Y8]2a#_
p�f�dk^}b?dkY8dkZq]2{�W8j?b'dkY8]2Z�Y2d!^
]8|!d�~�gDW8_�pqjDbDdk{KdkjDb?dkjC_#Zql
rta
]8|�]8jDd'W2jDb ]2_#gDd�akm�_#gDW2_�pq^km�_#gDdY8]8a
_#pqfkpq_)l ]8j�dkW2fßg
fQgDW8j?`8dk^�^#pq`8j'W2^}_
gDd!~�pqjD`2^z{DZqcDjD`2d!^
p�jCcD^
]8pqbDW2Z�Zql2�!�X]R~*�
dkY2dkakm8W2_\gDpq`8gDd�aKrta#dk�CcDd�jDfkpqdk^�_#gDd�jDW8_
cDa#d/]�rT_
gDd��4]R~�fQgDW8jD`2dk^
fk]2jD^#pqbDdka
W � Zql2�3%)jé0>p�`2^k�/¨Rª�W2jDb�¨8�i^#_#a
dkW8¢CZqpqjDdk^�a#dkZqdkW2^#dkb
W � ]8c?_�gDW8Zsr�W�fQgD]2a#b�ZqdkjD`2_#g�]8cD_
^#pqbDd�]Rr/_
gDd�~�p�j?`}_
p�{?^XW8a
d
^#g?]R~�j�rta#]2| W-a#dkW2a)�)�CcDW8a
_#dka�YCpqdk~'W8jDb¦WX_#]2{zYCpqdk~�mRa#dk^
{4dkf£�
_#pqY2dkZql8����gDd-�4]R~*�)^#{Kdkdkb�pq^��;T ��µ!º�ÂRmDW2jDb!_
gDd-rta#dk�CcDd�jDfkl�pq^
¨8«��X�Rm�a#d�^#cDZq_#pqjD`Ipqj�Wa#dkbDc?fkdkb�rwa#dk�CcDdkj?fkl ]�r Õ�· �8T¬«6�
��gDd�eC_#a
]8cDgDW2Z�jCcD| � d�azpq^zbDps±!fkcDZq_z_
]�dk^
_#pq|!W2_#dRm/b?cDd!_
]
_#g?dzW8dka
]CdkZqW8^#_
pqf�{?p�_
fQgDpqjD`�]Rr�_#gDdz~�pqjD`2^km � c?_�p�_�^
gD]8c?Z�b � d
W � ]8c?_z�R�¬�C�

��gDd�_#a
cDd}j?W8_#c?a#d�]Rr*_#gDd¦�4]R~ pq^-bDps±!fkcDZq_X_
]²W2^#fkd�a)�
_#W2pqjXrwa#]8|ì0>pq`8^��Ç¨�ª�W8jDb}¨2�C����g?dka#d*W8{D{KdkW2a#^�_#] � d/|�W8^
^#pqY8d
�4]R~¸dkjC_#a#W2pqjD|!dkjC_ rta#]2| _#g?d}^
p�b?dk^km�^#_
W8a#_
pqjD`�rta
]8|%W � ]8c?_

_#g?d�ZqdkW8bDpqjD`�dkbD`2d�]Rrz_#gDd�~�p�j?`D�I��gDd�rt]2cDa�_#pq{�Y2]8a
_#pqfkdk^
bD]'jD]2_�W8{D{KdkW2a�_#]'^#pqjCcD^
]8pqbDW8ZqZql'fQgDW8j?`8d�^#pq`8j�m¥W2Zq_#gD]2cD`8g
_#g?dkpqa}^
_#a#d�jD`8_
g�|�cD^
_X�KcDfk_#c?W8_#d�� ��]C]8¢CpqjD`�rta#]2| � dkgDpqjDb\m
_#g?d!ZqdQrt_�m/cD{D{Kdka�Y8]2a#_#d��'a#]8_
W8_
dk^�fk]8c?jT_
dka)�)fkZq]CfQ¢T~�pq^
dRm@W2jDb
pq_#^�fk]8a
d�_#cDa
jD^�_#]R~*W8a
b�_#g?d!fkdkjC_
dka#ZqpqjDdRm�W8j?b�pq^}_
gDdkjIbDdQ�
�4dkf�_#dkb�c?{T~*W8a
bIW8^�p�_�W2{D{Da
]8W8fQgDd�^�_#gDd�fkdkjC_
dka#ZqpqjDdR� ��gDd
]8_
gDdka�_#g?a#dkd�_#a#W2pqZ�pqjD`�Y2]8a
_#pqfkdk^zW2a#d�^#lC|!|�dk_#a
pqfR�� �^
¢8dk_
fßg
]RrX_
gDd!{?a#pq|!W2a#l�_#a
W8pqZqp�j?`²Y2]8a
_#dk�'^
_#a#c?fk_#cDa
dk^!pq^z^
gD]R~�j'pqj0>pq`D�4¨8�6�%)jÕ28]8j?dk^}W2jDb�[�ZqW8_
�kdka�j�^#]2|!d�d�¦o]2a#_�~@W2^�|!W8b?d}_
]
¤4jDb�dkW8^
p�Zql�fk]8jD^
_#a
cDfk_#d�b�W2p�a�rt]8pqZ\^
gDW8{Kdk^X_
gDW8_-~@]2cDZqb�lTpqdkZqb
gDpq`8g�{4d�a)rt]2a#|!W2jDfkdR��¯�gDpqZqdX]2jDZql}^
_#W2_#pqf�¿<~�pqjDbC�)]$¦@Ã�_#gDa
cD^#_
`8d�jDdka#W2_#pq]8j'~*W8^¦fk]8jD^
pqbDdka#d�b W2_z_#g?d!_#pq|�dRm�pq_z~*W8^z^
gD]R~�j
_#g?W8_�W�_
dkW8a���b?a#]8{¸^#gDW2{4d�b ZqdkW8b?p�j?`R�)dkbD`8d�^#{?W8a�~�p�_
g�pqjC�
fka
dkW8^
dkb}ZqdkW2bDpqjD`*dkbD`8d�a#W8b?p�c?^�pq|!{Da
]RY8dkb�{Kdka�rt]8a
|!W8j?fkd�fk]8jC�
^#pqbDd�a#W � Z�l¦]RY8dka/W�_
gDpqj\m8a#d�fk_#W2jD`8cDZqW2a�^
dkfk_
p�]2j�ZqdkW8bDpqjD`�dkb?`8dR�
 �_!_
gDW8_�_
pq|!dRm*�4]R~¡YCp�^
cDW8Zqpq�kW2_#pq]8j~@W2^�jD]8_�{4dka�rt]8a
|!dkb�m
W8j?b ~�g?p�Zqd�|!W2^#^
p�Y2d��4]R~ ^#dk{DW2a#W2_#pq]8j�~*W8^�^
cD^#{Kdkfk_
dkb\m�pq_
fk]2cDZqb²j?]8_ � dzf�]8jC¤4a
|!dkb��çX^
pqjD`�_#gDd�jDd�~�Z�l � cDpqZq_�^
|!]2¢8dQ�)~�pqa#dRm�pq_�~*W8^-rt]8c?jDb
_#g?W8_Xd�Y8dkj�W2_��kdka
]²W2jD`8Zqd�]Rr/W2_#_#W2fQ¢4mK_#gDd �4]R~�~@]2cDZqb!^
dk{C�
W8a
W8_
d�rta
]8| � ]8_
g�_
gDd!cD{?{4dka�W8j?b�Zq]R~@d�az^#cDa�rtW8f�dk^�]Rr�_#gDd
ZqdkW8b?p�j?`R�)dkbD`8d*^#{?W8akmCW8^�^#gD]R~�j�pqj�_#gDd�^
dk�CcDdkjDfkd�pqj90�pq`?�T¨�²6�

>�? @BA�Z� �D è�âtÜsÙ#ÛköQó á ãQÙ
Ú�ÜsÙßó Ù
ÛßÚwÙ#î «YT ��» å:ïQâÆÚtá î�Ù�åQæCô4á ã£ü�¿<â<á ñ�ÛßâKÕ}· �8T¬« ø

>�? @BA�Z�¬�D è�âtÜsÙ#ÛköQó á ãQÙ
Ú�ÜsÙßó Ù
ÛßÚwÙ#î «YT ��» å:ïQâÆÚtá î�Ù�åQæCô4á ã£ü�¿<â<á ñ�ÛßâKÕ}· �8T¬« ø
�:«



� �

� �

Flapping

Top View

Side View

Aft View

Flapping

Path of vortex core s

>�? @BAYZ�¯�D äTÜsá ê�ÛßÜsû*ù#åkÜsâ<Ù�¢/ÚwâtÜqïQÝ#âwïkÜsÙ#ÚKÛßâ�Þ£á ü:Þ�æ ÜsÙ�®:ïQÙßã£Ý#û)ø
��gDd�_#cDjDj?dkZ�^#{KdkdkbI~*W8^�W � ]8cD_��$T¬��µ�º�Â�lCpqdkZqbDpqjD`�W

fQgD]8a
bC�#y�dklCjD]2Z�b?^}jCcD| � dkaz]�r�W � ]8c?_�6m�²2�8«6����gDd�{DgD]2_#]2^
~*dka#d/_
W8¢2dkjz~�pq_#g�W�bDpq`8pq_
W8Z�YTpqbDd�]�fkW8|�dka#W?m:^#g?]T]2_#pqjD`X�2« Ò º�Â�m
W8j?b ]2jDd�rtcDZqZ�^#g?dkbDbDpqjD`'fklCfkZqd�a
dk�CcDpqa#dk^�W � ]8cD_!��rwa#W8|�dk^
¿<_
gDd�¤4a
^#_�W8jDbIZqW8^
_�rta#W2|!dk^�W8a
d²j?dkW8a
Z�lpqbDdkjC_#pqfkW2Z Ã£m�fk]8jC�
^#d��Tc?dkjC_#Zql8m/_
gDd�^#gDd�bDbDpqjD`�rta#dk�CcDd�jDfkl�^
gD]8c?Z�b � d�W8{D{?a#]R�2�
pq|!W2_#dkZql����X�R�I��gDd�_#dkW2a)�)bDa#]2{D{Kdkb�ZqdkW8b?p�j?`R�)dkbD`8d�^#{DW2a�pq^
fkZqdkW2a#Zql}YCpq^#p � ZqdRm � cD_/_
gDd�a#dk^
_@]�ro_
gDdXW2pqa)rt]2p�ZCpq^�W � pq_�gDW8a
bDdka
_#]^#dkd�����gDd�ZqdkW8bDpqjD`���d�bD`8d�^
{DW8a�pq^!W � ]2cD_²��µ¶µ ~�pqbDdRm

^#]�_#gDd�a#d�^#_z]�r@_#gDd�W8pqa�rt]8pqZ/¿<d�^#^#d�jT_
pqW8ZqZql²W2j�pqjC¤KjDpq_#dkZql!_
gDpqj
^#{?Z�pq_
_#dka�{DZqW2_#d:Ã�dk�C_#dkj?bD^XW � ]2cD_@W2jD]8_
gDdkaX�Ç��_
p�|�dk^/_
gDd�^#{DW2a
~�pqbD_#g�bD]R~�jD^
_#a
dkW8|��¶çX^
p�j?`²_
gDd!ZqdkW2bDpqjD`R�)dkbD`2d}_
gDpqfQ¢Tj?dk^#^
W8^�_#gDd�ZqdkjD`2_#gC�)^#f�W8ZqdRmD_#g?dXeC_#a
]8cDgDW2Z4jCcD| � dka>rt]2a�_
gDpq^/^#g?dkbC�
bDpqjD`�pq^�W-Y8dka
lzZq]R~ «6�¬«D�:�6mkrtW2a � d�Z�]R~'_
gDd*jDW8_
cDa#W2ZT^
gDdkbDb?p�j?`
rta
dk�CcDdkjDfkl�]Rr/W!fklCZqpqjDbDdka�����gDd}^
cDa)rwW8fkdza
]8cD`2gDjDdk^
^�]Rr/_#gDd
^#{?W8a#^*pq^��Tc?p�_
d�gDpq`8g\mCbDcDd�_
]z_#g?d�`8a#W2pqj�]Rr\_#gDd � W2Zq^#Wz~*]C]Tb�m
W8j?b²_
gDd�d�¦\dkfk_�]Rr�_#gDpq^�]8j�^
gDdkbDbDpqjD`�pq^�cDj?¢Tj?]R~�j\�

>�? @BAYZ�¸�D äÇÙQÜsá å:î�á Ý/Ú)ÞQÙ#îkî�á ãQü*æ Üså:ê�âtÞQÙ�Úwâ<ÛQâ<á å:ã£ÛßÜsû@ó Ù
Ûßî�á ãQü�Ù#î�ükÙkø0>ZqW8{D{DpqjD`�_#g?dz|!]CbDdkZKW8_�a
]8cD`2gDZql!ª2�X�RmKa#dk^
cDZq_#pqjD`�pqj
W�a
dkbDcDfkd�b�rwa#dk�CcDdkj?fkl�]�rXa#]8c?`8gDZql'«C�¬�Cm�_#gDdÊ�4]R~�pq^zfk]8|Ê�
{DZqdk_
dkZql�^#d�{DW8a
W8_#d�b ]2j _
gDd�^
cDfk_#pq]2jC��^
pqbDd�]Rr � ]8_
g�~�pqjD`8^�m
bDcDa
pqjD` � ]2_#g�_#g?d�]8cD_)~*W8a
b}W2jDb�pqjT~*W8a
b}^
_#a
]8¢8d�^kmCW8^/^
gD]R~�j
pqj30�pq`?�4¨8�C�*��gDdzd�¦\dkfk_
pqY8dzW2jD`8Zqd�]Rr/W8_
_#W2fß¢�pqj � ]8_
g�fkW2^#dk^
pq^�W � ]8cD_z��«zb?dk`8a
dkdk^k�

ê�åkù#á ã£ü�Û£ñ£ÛßÜsâ Ý#å�ê�á ãQü*â<åkükÙ
âtÞQÙQÜ>�? @BAYZ�½�D ì ãQâ<ÙßÜsá åkÜ
	QÙG¢ßâ<ÙQÜ¬á å£Ü6ÚtÙQñQÛßÜsÛQâ<á å:ã�î:ïkÜsá ã£ü(FRÛ£ñ�ñQá ãQüRøþ ACED3CO�� OßECO����25�JDMN1���u�36E6M��87�� 7%)j ]8a#b?dka�_#]IdkYRW8ZqcDW2_#d�_
gDd'_#g?a#cD^
_�`8dkj?dka#W2_#pq]8j fkWR�
{DW � pqZ�pq_
p�d�^Xpqj�_
gDd�W � ^#dkjDf�d!]Rr�_#g?d�p�jC_
dka)rtd�a#dkjDf�d²W2jDb�bDa#W2`

�8�



d�¦\dkfk_
^²]�rz_#gDd � ]CbDl�W2jDbI]8_
gDdka!f�]8|!{K]8j?dkjC_#^km*_#gDd�jD]8jC�
�4W2{D{DpqjD`z{Da
]R¤4Zqd-bDa#W2`zpq^@cD^
cDW8ZqZql�a#dk|�]RY8dkb¦rta#]2|�_#gDd�{DZq]8_��
_#d�b!_#g?a#cD^
_k�:%)j�a
dkW8Zqpq_)l2m8_#gDd-fk]8j6¤4`8cDa
W8_
p�]2j�bDa#W2`zpq^@W rtcDjDfQ�
_#pq]2j�]�rX_#gDd�~�pqjD`�{K]8^#pq_
p�]2j\m�^#]�_
gDd�|!]CbDdkZ�p�^ �4W8{D{Kdkb'W2_
W�Y8dka
l²Zq]R~rta
dk�CcDdkjDfkl'¿Æ_)lT{?p�f�W8ZqZql�W � ]8cD_X«6� ���X�:Ã£mDW8jDb�_#gDd
WRY8d�a#W8`2d�bDa#W2`�p�^*|!d�W8^#c?a#dkb\�

 �_)lC{DpqfkW8ZwmX{K]8^
_)�){Da#]Cfkdk^
^#dkb¸bDW8_
WR�)^#dk_�p�^�^
gD]R~�j�pqj0>pq`D��¨�/rt]8a-_#gDd!h� z'�~�p�_
g��4dk�Cp � Zqd�~�p�j?`!|!]2cDjC_#^��z��gDd
dka
a#]8a � W2a#^/pqjDbDpqfkW2_#d*_#gDd�d�^#_#pq|�W8_#d�b}dka
a#]2a@pqj�_#gDd�|�dkW8^
cDa#dQ�
|!d�jT_
^k����g?dk]8a
l�{?a#dkbDpqfk_
^/_#g?W8_�_
gDd/_
gDa#cD^
_�^#gD]2cDZqbzpqjDfka#d�W8^#d
W8^-_#gDd¦rta
dk�CcDdkjDfkl�^#�CcDW8a
dkb\m�W2jDb�~�gDpqZqd�_#gDpq^-p�^-fk]8j6¤4a#|�dkb
rt]2a}Zq]R~�W8jDb'|�]CbDdka#W2_#dÊrta#dk�CcDd�jDfkpqdk^km*rt]2az_#g?d²^
_#W2_#pqf!W2jDb
Zq]R~*��^
{4d�dkb�fkW2^#dk^-_#gDdz_
gDa#c?^#_Xf�cDa#Y2dk^XgDWRY2d�W�jD]8_
W � Zqd�¢Cp�j?¢
W8_*gDpq`8gÊrta#d��Tc?dkjDfkl2�@��gDpq^�pq^*bDcDd�_#]�W�|!dkfQgDW2jDpqfkW8ZKZqpq|!pq_#W��
_#pq]2j�]�r¥_
gDd�W8dka
]CdkZqW8^#_
pqf�~�p�j?`!bDdQ�Kdkfk_#pq]2jD^k�4%)j'_#gDd�^
_#W2_#pqf
fkW2^#dRm*W8_zW � ]2cD_¨2«R�-��_#gDd�~�p�j?`�_#a
W8pqZqp�j?`²d�bD`8dk^�W2fk_#c?W8ZqZql
|!d�dk_\pqj�_
gDd/|�p�b?bDZqdRmkW8^>^#gD]R~�j�pqjÝ0�pq`?�T�:�6m:W2jDb-rtcDa#_
gDdka�bDdQ�
�4dkf�_#pq]8jD^-W8a
d�j?]8_�{K]8^#^
p � ZqdRm4W2{D{DW8a
dkjC_#Zql!ZqdkW2bDpqjD`�_#]�Zq]8^
^#dk^
W8_�g?p�`2gDdka*rta
dk�CcDdkjDf�p�d�^k�

��]�^#WRY2dz_#pq|!d�bDc?a#pqjD`!b?W8_#W�W2fk�CcDpq^#pq_#pq]2j\m4W2j�pq|!{Da
dQ�
fkpq^#d�^#dkZqdkfk_
pq]8jz]�r6Y2dkZq]Cfkpq_#pqdk^�W2jDb-rta#d��Tc?dkjDfkpqdk^�W8a
d/cD^
dkb\m8W2jDb
_#g?dkj�_
gDd!bDW2_#W�pq^z|�W8{D{Kdkb�_#]�W�a#dkfk_
W8jD`2cDZqW8az`2a#pqb'cD^
p�j?`
^#{?Z�pqjDd�pqjC_#dka
{4]2Z�W2_#pq]8j�W8ZqZq]R~�pqjD`�rt]2a�|�]8a
dzbDpqa#dkf�_zfk]8|�{DW8a��
pq^#]2jD^ � dk_)~*dkdkj'_
gDd�YRW8a#pq]2cD^Xfk]2jC¤4`2cDa#W2_#pq]8jD^��z��gDd�a#dk^
cDZq_)�
pqjD`�p�jC_
dka#{K]8ZqW8_
dkb�bDW8_
Wzrwa#]8|�0�pq`?�6¨�/�p�^*^#g?]R~�j²pqj40�pq`?�6�2«
W8^�W�^#c?a)rtW2fkd�{DZq]8_�]Rr*_#gDa
cD^#_zW2^zW�rwcDjDfk_
p�]2j�]�r@rwa#dk�CcDdkj?fkl
W8j?b²Y2dkZq]Cfkpq_)l8mC~�pq_#g�pq^#]8ZqdkY2dkZq^@W2^�pqjDbDpqfkW8_
dkb�pqj²_
gDd�Zqdk`8dkj?b\�

 X^�~�p�_
g}_
gDd�{Da
dkYCp�]2cD^/^
_#cDbDl2m8_
gDdX|�W8�Cpq|}cD|�_#gDa
cD^#_
pq^z^#_
pqZ�Z�rt]8cDj?b�W2_z�kdka
]�Y8dkZq]Cfkpq_)l2m � c?_z~�pq_#g�_#gDd�p�j?fka#dkW2^#dkb
rta
dk�CcDdkjDfkl'WRYRW2pqZ�W � ZqdzbDcDd�_
]�_#g?d!fkZq]8^
dkbC�)Zq]T]2{�f�]8jC_#a
]8ZqZqdkakm
_#g?d/|!]CbDdkZRj?]R~�`2dkjDdka
W8_#d�^�W � ]8c?_ñ²8��µ9Ð�]RrC_#gDa
cD^#_�Td�jD]8cD`2g
_#]-|!W2¢8d/_
gDd@c?j � W8ZqZqW8^#_
dkbz|�]Tb?dkZ8gD]RY2dka�����gDd�h� �'¦°N^�{?a#]R�
¤4Zqd�bDa
W8`�W2_ /YT ��µ!º�Â�_#c?jDjDdkZ*^#{KdkdkbIpq^:ÖQcD^
_ ²2«�µ Ð'�3çXjC�
rt]2a#_#c?jDW8_
dkZql8mKW8^�_#g?d}^
{4dkd�b�pq^�pqjDfka
dkW8^
dkb�_
gDdz_
gDa#cD^
_�p�^�a
dQ�
bDcDf�dkb\��%)j90�pq`?�Ç�D��_#gDd*jDdk_�_#gDa
cD^#_�¿<{?a#]R¤KZ�d*bDa
W8`�pqjDfkZqcDbDdkbKÃ
pq^X{DZq]2_#_#d�b\m4W2jDb�pq_�fkW8j � dz^
dkdkj�_#gDW2_X_
gDd}h� z'�b?]Td�^XjD]2_
]RY8d�a#fk]2|!dXb?a#W8` � dkl2]8jDb��8T¬��µ!º�Â��

VXd��T_�_
gDd�^#_
p.¦\jDdk^
^@]�r4_#g?d�~�p�j?`R�)|!]8c?jT_
^\~@W2^�YRW8a#pqdkb��
��gDpq^�~@W2^zW�{Da
dk_#_)lbDps±!fkcDZq_z{DW2a#W8|�dk_#d�az_#]��CcDW2jC_#psrtl2m�W2^
_#g?d}|�W8_#d�a#pqW8Z>{Da#]2{4dka
_#pqdk^z]�r@_#g?d�fkW8a � ]2jC�t¤ � dka¦^#_#a
pq{D^�~@W2^
jD]2_Xfk]2jD^#_
W8jC_k����gDa#dkd�YRW8ZqcDd�^X~*dka#d�fk]2jD^#pqbDd�a#dkb���_#g?dz�4d��8�
p � Zqd�Y8dka
^#pq]8j'^
gD]R~�j�W � ]RY2dRm�W�^#dk|�ps��a
p�`2pqb�|�]8cDjC_km>~�gDdka#d
_#g?d�Z�d�jD`8_
g']Rr@_
gDd!fkW2a � ]8jC�w¤ � dkaz^
_#a#pq{D^¦~@W2^zgDW8ZqY2dkb\m�W2jDb
W�a#pq`2p�b�Y8dka
^#pq]8j�~�gDd�a#d�W � W8Zq^#W�^#c?{D{4]2a#_-~@W2^�`8ZqcDdkb�]8j�_
]
¢8d�dk{I_#gDd�~�pqjD`�`8d�]8|!d�_#a#l�¤K�Td�b\�Á%)jIa#dkW2Z�pq_)l2m/_#gDd�~�pqjD`2^
~*dka#d�^#_
pqZ�Z\�CcDpq_
dXdkZqW8^
_#pqf�W8^*_#gDd�fkW2a � ]8jC�w¤ � dkaXa
p � ^@W2ZqZ�]R~*dkb
_#g?dzfkW8| � dka�_
]�fßg?W8jD`2dR����gDdza#d�^#cDZq_#^ rt]8a�_
gDdz_
gDa#dkd�fkW2^#dk^
W8a
d!^
gD]R~�j�pqjé0>pq`D�/�8¨Cm/~�pq_
g'_#gDd�_#g?a#dkd�ZqpqjDdQ�)_)lT{Kdk^�pqjDbDps�
fkW2_#pqjD`�_#gDdzb?p.¦\dka
dkjC_�fk]8jC¤K`8cDa
W8_#pq]2jD^kmKW8^*p�j?bDpqfkW8_
dkb�p�j�_#gDd
Zqdk`8d�jDb\����gDd�_#gDa
dkd�^#c?a)rtW2fkdk^/fk]RY2dka�_#gDd*rwcDZqZ8Y8d�Z�]Cfkpq_)lza
W8jD`2d
� cD_�fk]RY8dka�YRW2a#lCpqjD`�rta
dk�CcDdkjDf�l�a#W8j?`8dk^�mTbDd�_#dka
|!pqjDdkb � lz_#gDd
WRYRW8pqZqW � Z�d�{K]R~*dkak�

��gDd��4dk�Cp � Zqd�~�pqjD`�|�]CbDdkZ*{4dka�rt]8a
|!^ � d�_#_#d�a²W2_}W2ZqZ
�4]R~�^
{4d�dkbD^�W8jDbÊrta#d��Tc?dkjDfkpqdk^�cDjDb?dka�W � ]8cD_X¨2«R�-�Rm � cD_�W2_

gDpq`8g?dka>rta#dk�CcDd�jDfkpqdk^*_#gDd*^#dk|�ps��a
p�`2pqb�W2jDb�a#pq`8pqbC�)|!]2cDjC_4YRW2a#ps�
W8_
pq]8jD^\]RY2dka#_
W8¢8d�_#gDd��Kdk�Cp � Z�d£��~�pqjD`*|!]CbDdkZw�qçXj6rt]8a
_#cDjDW2_#dkZql
_#g?d�W2dka#]CbDlCjDW2|!pqfXZq]2W8b!W2Zq^#]�p�j?fka#dkW2^#dk^ rt]8a�_
gDd�^#dk|�ps��a
p�`2pqb
W8j?b�a#pq`2p�b6��~�pqjD`�|�]CbDdkZq^km/{Da
dkY8d�jT_
pqjD`'_#gDd�| rta
]8|�a#d�W8fQgC�
pqjD`�_
gDd�gDpq`8gDdka¦rta
dk�CcDdkjDfkpqdk^�m�W8^�_#g?d!|!]2_#]2aza#cDj?^�]8cD_�]Rr
_#]2a#�CcDdR�

0§ 10 20 30 40
frequency (Hz)

0

20

40

60

80

th
ru

st
 (

m
N

)

static�
1 m/s
2 m/s
Ç
3 m/s
�
4 m/s
È
5 m/s
Ø

>�? @BAYZ�Ì�D�õ ûßñ£á Ý#ÛkóRâwÞkÜqïQÚtâ\î�ÛßâÆÛ�æ�åkÜ?âtÞQÙ*é@à ¾ ø
Gross Thrust
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Without Tip Plates
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Without Tip Plates
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